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THOUGHTS 


NATURAL SYSTEM 

OF - 

FOSSILS. 


Res ardua , vetUjtis nonsit at em dare , novis auftoritatem - dubiis 

Jiderriy omnibus vero naturam et nature fua omnia . 

Plinius* 


PART I. 

Arrangement of Fossils, 
. / 

Natural Bodies in general. 


§ f. Principal Divifion of Natural Bodies „ 

All bodies which nature fpontaneoufly pro- 
duces upon the furface of the earth may be 
properly divided into organifed and unorga- 
nised. 


§ ii. Organifed 
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§ ii. Organifed Bodies . 


Sk 


These are pofleffed of a number of internal 
veffels, by which, from the nourilhment they 
take in, the particles neceffary to the increafe, 
fupport, and propagation of fuch bodies, are ex- 
traded, prepared, conveyed, and diftributed. 


§ Hi. Clajfes of organifed Bodies. 



These bodies are diftinguilhed by the epi- 
thet living ; and, whether they poffefs fenfibi- 
lity or not, they conftitute two immenfe claffes, 
the animal and the vegetable, which are com- 
monly confidered as two diftind kingdoms in 
nature. 


§ iv. Unorganifed Bodies. 

Those bodies are termed unorganifed that 
are entirely without any organic ftrudure, and 
feem to be formed by the accumulation of par- 
ticles united folely by the external force of at- 
tradion. 



§ v. Various 


I v. Various Conjijlencies of unorganifed Bodies. 

These differ in many refpedts, but we fhall 
here take notice of the degrees of denfity only, 
which has commonly been defignedby the name 
of confidence. 


§ vi. Solid Bodies.. 

Considering thefe, then, according to this 
rule, we find fome bodies fo folid, that tbeir par- 
ticles are fo firmly united as not to be feparated 
but by a very confiderable force. Of this kind 
are mod of the foffils. 


§ vii. Liquid Bodies. 

Some again are liquid, whofe component parts 
adhere io loofely, that they may be feparated 
by the fmalleft impulfe ; but being left undifturb- 
ed, they, by the force of gravity, arrange them- 
ielves in fuch mutual equilibrium, as- to prefent 
a furface parallel always to the horizon. 

§ viii. Fluid 
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§ vin. Fluid Bodied. 

Other bodies are reckoned fluid, whofe par- 
ticles are not only eafily feparable, but feem in 
fome degree to repel each other. It is true, 
they feek an equilibrium ; but, as they are not 
lefs influenced by elaflicity than by gravity, 
they oftener appear with the unequal furfaces 
we daily fee in clouds and vapours. 


§ ix. The Utility of this Diflmdliori. 

t 

Although the fame body, as occafion re- 
quires, may undergo every variation of con- 
fiftence, yet this diftindtion is not the lefs to be 
regarded ; for peculiar qualities, with a confide- 
rable difference in their proportions belong to 
each condition. But the plan. we have propof- 
ed to follow, will not admit of a further explica- 
tion of this matter. 

§ x. The continued Series of Natural Bodies ; 

The great Leibnitz, by that law to which 
he gave the name of continuity , denied formerly 
that there could poffibly be any interruption be- 
tween 
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tween phyfical caufes and effedts; and main- 
tained, with fuch conlidence, its invariable ope- 
ration and influence, that he predicted, that 
fome time or other a fpecies of animals (as the 
zoophyta) would be difcovered, partaking more 
or lefs of the nature of vegetables. — The cele- 
brated Trembley us, by the difcoVery of che Poly- 
pi, afterwards confirmed the truth of this pre- 
fage. Daily experience alfo convinces us of the 
exiftence of fuch a connecting chain in the or- 
der of natural bodies ; fo that, though we are 
acquainted with feveral links fingly, yet it may 
feem fcarce poflible to afcertain thofe that ihould 
be immediately united to them. 


§ xi. The NeceJJity of a Syjlevi in Natural 

Hijlory. 

As natural bodies may in various ways be 
rendered ufeful to man, a thorough knowledge 
of them becomes highly neceflary ; and it will, 
indeed, in general be found, that their utility 
encreafes in proportion to the extent of that 
knowledge. Their great number and variety 
require fyftematic arrangement; without which 
the neceflary diftindtions could _ not be made, 
and which, in fome cafes, where the difference 
is very minute, would be productive of great in- 
convenience. 


O 


. 5 xii, Criteria 
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§ xii. Criteria of Natural Bodies. 

In order to difcriminate with fafety and pre- 
cifion, even where bodies are united in the great- 
eft affinity, it is an object of the firft importance 
to eftabliffi proper criteria. 


5 xiii. Conjlant and perpetual Forms of Organic 

Bodies. 

In the egg, or in a fecundated germ, the 
little body, the rudiment of the future foetus, 
lies wholly concealed, until by proper heat and 
nouriftiment it is -gradually evolved, increafes, 
and arrives at maturity. In all organic bodies, 
therefore, the form is predetermined from their 
very origin, which the power of their internal and 
peculiar ftructure is calculated to develope ; fo 
that between thefe two qualities the relation is 
invariable ; and therefore criteria are not impro- 
perly collected from that external figure' which 
is derived from, and rooted in the efiential cha- 
racter of the fpecies. 


§ xiv. Monflrous Productions. 

Among thefe, indeed, we fometimes find de- 
viations from the general laws of nature, produc- 
ing monflers ; but fuch events which are rare, 

and 
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and a riling from particular caufes, are almolt al- 
ways unlike each other. 


§ xv. Fojjils. 

All unorganic bodies, as well folid as liquid, ' 
which are either altogether without any orga- 
nic ftructure, or difplay the ruins only of orga- 
nization, are denominated fojjils, or more com- 
monly minerals. 

§ xvi. The Mineral Kingdom. 

The term fojjil, or 'mineral kingdom , is gene-, 
rally applied to an arrangement of fuch foffils 
as are found in the earth. 


§ xvii. Generation of Fojjils. 

In this third kingdom of nature, the procefs 
of generation is carried on in a manner widely 
different from that of organized bodies. Here 
is no egg, no feed, to cherilh and fupport the 
future foffil, confined and reftrained within the 
narroweft limits ; no fecundation ; no efta- 
blilhed circulation of the nourifiiing fluids; nor 
any evolution. Molecules uniting, by the foie 
O 2. power 









r.JNTJW 


VcwV- 

mm 

:,'-Kv~.' 

y.^i v./ 

! 


■-' ■■' ■" /-V 



ON A NATURAL SYSTEM 

power of attraction, form at once the growth 
and perfection of foflils. 


5 xviii. Variable arid inconjlant Form, of Fojfils. 

Form, and other external qualities, of -which 
the fenfes only can determine, depend upon 
circumftances that are perpetually varying, but 
which do not in the leaf! affect the intrinfic na- 
ture of' the foffiL 

The pofition may poffibly need the illuftra- 
tion of an example. Let us take a quantity of 
water, charged with aerated calcareous parti- 
cles, and we (hall fee arife various figures, tex- 
tures, and cohefions, according to the different 
modes in which the concretion was performed. 
By the fubfidence only of the atoms a cruft is 
generated, parallel to the bottom, if the diftri- 
bution of them has been made equally through- 
out the whole mafs; if otherwife, the greater 
part forms tubercles farther from the furface of 
the bottom, than in the fuppofition of equality. 
Water impregnated with aerial acid a£ts like a 
menftruum ; and, though it does not at all affect 
the faturated particles in this hypothefis, yet it 
neverthelefs has confiderable influence in form- 
ing their concretions. Such w r ater oozing 
through fubterraneous vaults, generates calca- 
reous drops, hanging from the roof, while 

pointed 
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pointed cones are produced by the falling fluid 
upon the floor, and both increafing in length, 
meet at laft, and form one continued column. — 
If the fame water purfues its trickling courfe 
along the walls, we find them covered with a 
ftalagmitic cruft; which according to the diver- 
fity of the protuberances exhibits a great Varie- 
ty of figures, that, with the afliftance of a warm 
imagination, may be made to refemble com- 
plete animals, or their feveral members, and a 
thoufand other forms and appearances. — From 
this water fuffered to remain long at reft, fpata- 
ceous cryftals are feparated, that afliune va- 
rious fhapes ; as the granatic, the fchoerlaceous, 
hyacinthic, dodecaedric, and thole pyramidal on 
both fide's, named fwines teeth, — and many o- 
thers. 

The internal texture likewife admits of confi- 
derable variation. The molt fubtle particles 
unite into a denfe and equal mal’s : Thofe that 
are granulous, and of many angles, form com- 
binations more rough and uneven ; luch as are 
produced by chryftallization appear fpataceous; 
and others that are alternately depofited in ftra- 
ta, or lamella;, prefent a divided ftruciure. 

The degrees of cohefion alfo vary according 
to circumftances. Water charged with fine 
particles of aerated chalk, and quickly evapora- 
ted, leaves a powder icarcely cohering, and 
which foils the fingers, like the mineral known 
O 3 by 
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by the name of Agaric. Larger maffes however 
of calcareous powder, expofed for many years 
to the preffure of a confiderable weight, acquire 
at length fuch a degree of confiftence, that di- 
ftinct lines can be drawn with fmall pieces of 
them ; indeed this property is found in calca- 
reous chalk likewife. — Hitherto the greater de- 
gree of hardnefs has been produced by cry- 
ftallization, as we find that calcareous cryftals 
make no mark whatever, a circumftance owing 
to the firm union of their particles, by which 
the friction on a painter’s canvafs has no effect 
upon them, at leaf! fo as to be vifible. 

What has been thus briefly Hated may be 
fufiicient to fatisfy us, that, from the external 
qualities of foffils, no proper judgement can be 
foimed of their internal compofition. 


Of the several Criteria of Fossils. 

§ xix. Gryclohgy. 

Oryctology, or Mineralogy, are names giv- 
en to that fcience, which fo arranges all the 
known fofiils, that they may be accurately di- 
ftinguifhed flora each other. 


§ xx. Various 
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§ xx. Various Sjflems of Oryclology. 

As zoologifts, in their arrangement of animals, 
have chofen different parts; fome the feet, o- 
thers the teeth, the becks, and other parts, ac- 
cording to the agreement or difagreement of 
which their different fyftems were eftabliflied ; 
and, as botanifts have differed in the principles of 
their fcience, one preferring a leaf, another the < 
petals, a third the ftamina and peftillum, while a 
fourth maintains the fuperiority of the fruit ; — e- 
ven fo is it with mineralogifts, who have often 
purfued very different paths, in their endeavour to 
illuftrate and confirm the fame object. Such a 
view of natural bodies, taken as it were from 
many different points, has however its advanta- 
ges, as it increafes the number of accurate com- 
parifons. But, as every method cannot equally 
anfwer the end propofed, it becomes neceflary 
to felett that which is the molt perfect and con- 
venient. 


§ xxi. The heft Arrangement. 

As, in order to under Hand the nature of fof- 
fils, and apply them to purpofes of utility, it is 
neceflary to arrange them in fome kind of fyfte- 
matic order, the preference is certainly due to 
that method, by which both their internal cha- 
O 4 racter 
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racier and compofition may be made equally e- 
vident. Lfieutial properties depend cn the qua- 
lity of the parts that enter into compofition, 
and their mutual proportion ; and, unlefs we 
are well aquainted with thefe parts, we lhall la- 
bour to iittie purpofe, in our attempts to mould 
them to our own defires : Nay, we often meet 
with difappointments, becaufe we have not con- 
fidered that our views are inconfiftent with the 
very nature of the materials fubjedled to experi- 
ments. 

§ xxii. In what manner the Compofition of Fojfih 
may he afeertained. 

Having fettled thefe points, it remains yet to 
be determined in what manner we are to judge 
of the compofition of fulfils : Whether the con- 
nexion between fuperficial marks, and the intrin- 
fic chara&er, is fo intimate and confequent, that 
the former cannot be known, without the other 
being revealed ? whether it may be neceflary 
to proceed by a chemical analyfis in the dry 
way ? or, firould this not be fuflicient, are we to 
have recourfe to tire moift way? We will con- 
fider thefe quefiions feparately. 

§ xxiii. External Criteria. 

If, through the means of criteria collected 

from 
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from the external appearance, and obvious to all, 
we were able to obtain the object of our re- 
fearcb, no method could certainly be more Am- 
ple ; for, with the affiftance of our fenies only, 
we might difpenfe with the tedious proceffes of 
experiments : But we have already difcovered 
the fallacy of relying on many of thefe marks, 
even the molt principal, as they are liable to be 
affefted by various circumltances of fituation, 
and diverlified without end, (§ xviii.). It may 
be proper, therefore, to enter a little more mi- 
nutely into the confideration of this queltion. 

§ xxiv. Uncertain and deceitful Size of FoJJils. 

1 

In no criteria can we pollibly have lefs faith 
than in that of magnitude ; and we cannot fuffi- 
ciently exprefs our aftonilhment at the violence 
offered to nature, when a larger piece of Hone, 
referred to its proper genus, if reduced to a pow- 
de, is not only exiled to fome other, but is not 
even permitted to remain under the fame clafs. 

§ xxv. And Colour. 



The vulgar proverb, that cautions us againft 
belief in colour, is not inapplicable to orydlo- 
logy. It is well known, that there are feven 
primitive colours ; and, in order that a body 
appear coloured, it is requisite that fome parti- 
cular 
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cular kinds of rays be reflected ; would we en- 
quire into the eaufe of this phenomenon, we 
muft feek it in the quality of the furface, which 
is indeed often fo tranfient, that the colour may 
be changed, or entirely deftroyed by the heat 
of boiling water, or even by the influence of fo- 
lar light. 

A tranfparent colour arifes from tranfmitted 
rays, and feems to indicate a fpecies of attrac- 
tion ; while, on the other hand, an opaque co- 
lour implies repulfion. Both without doubt fug- 
geft the idea of fome relation between the light 
and the given body ; but which is of fuch fub- 
tlety, that though it alone were varied, the cha- 
racter of the matter remains altogether unalter- 
ed ; at leaft the difference is not obvious to the 
fenfes. We have leen, that transparency de- 
pends upon the difpofition of the particles ; and 
this once difturbed, the tranfparency vamfhes, 
and with it all the effect produced by tranfmit- 
ted rays. Thefe feveral appearances feem to a- 
rife from the phlogiftic molecules, which vary ei- 
ther as to quantity, magnitude, or elafticity. Ve- 
locity even determines the difference of colours. 


§ xxvi. Internal Texture and Form. 






We have already touched on internal texture 
and form in the foregoing divifions, (§ xviii.) 

Determinate 



OF FOSSILSj 


219 


Determinate figures bear a refemblance to geo- 
metric bodies, and it is not without fome degree 
of probability that they are faid to be derived 
from the nature of the matter : An opinion that 
has long influenced many to believe, that cer- 
tain figures were proper and elfential to diffe- 
rent fubflances. The folly of this doctrine I 
have elfewhere demonflrated at large *. If 
therefore regular figures, and thofe bell defined, 
are fallacious, we aie finely not to rely on any 
fuperficial characters which are very often com- 
mon to fubflances of the molt oppofite qualities, 
and never uniformly conflant in the fame fpe- 
cies. 


§ xxvii. Phyjical Marks of Earths. 

Nor are we wholly to neglect the phyjical 
marks , which, though they cannot be fully efti- 
mated by the external fenfes alone, yet may be 
afcertained by eafy experiments, without the 
trouble of decompofition. Such, in the fixft 
place, are hardnefs and fpecific gravity ; to 
winch, indeed, we may add the relation to the 
magnet. 


§ xxviii. Hardnefs. 

Degrees of hardnefs may be determined in 
Various ways, by the nail, the knife, or by Heel ; 

and. 


* Eflays, vol. 2. 
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and when they are more intenfe, by a feries of 
gems, cut exprefsly for this purpofe. But this 
property indicates lefs the matter, and its mix- 
ture, than the various exficcations arifing from 
different circumftances, the fubtlety and cohe- 
lion of particles, denlity, and fueh like. Soft 
clay dried gradually, and afterwards expcfed to 
an encreafmg fire for feveral hours, until it is 
brought to a white heat, becomes harder and 
harder, and is at length capable, like a flint of 
flriking fparks from fteel. In all this procefs, 
however, the matter is no otherwife affected 
than by a contraction of its bulk, which is di- 
minifhed about one half. 


§ xxix. Specific Gravity. 


Specific gravity is determined by the hydro- 
ftatic balance, which properly indicates nothing 
dfe than the denfity or quantity of matter in a 
given volume. A knowledge of this property 
is of confiderable utility, efpecially in the exa- 
mination of metals, whether pure, or of known 
mixture ; but with refpect to other foflils, the 
difference is fo very triffling, that their nature 
and compofition can fcarcely ever be this way 
afcertained. 
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§ xxx. Examination by the Magnet. ‘ 

Iron, unlefs it is dephlogifticated below a 
certain point, is ever obedient to the magnet ; 
but this mark is particular. Various phenome- 
na likewife authorife a fufpicion that many o- 
ther fubltances are attracted by it ; therefore no 
reliance can be had upon this as a diftinguifliing 
character. 

§ xxxi. Real Utility of external and phyjical 

Marks. 

Although fuperficial criteria contribute no- 
thing to the true knowledge of follils, and that 
the obfervation of Juvenal, fronti nulla fides, may 
be well applied to them, even though the phy- 
sical properties be at the fame time underftood, 
(§ xxviii. xxx.) yet we are not altogether to pafs 
them over in contempt. By fuch accurate de- 
terminations as the celebrated Werner fo fuc- 
cefsfully attempted, they are rendered very pro- 
per for, diftinguifhing varieties ; and when the 
eye is once habituated to them, they often lead 
it directly to diacritic experiments. Perhaps the 
compofition being thoroughly afcertained by a- 
nalyiis, an exact comparifon may affift conli- 
derably in drawing a juft inference. 


5 XXXII. 
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$ xxxii. Nature of Fojfils difcoverable by the Aid 
of Chemijlry. 

In order to difcover the proximate principles 
of foffils, it is neceffary to have recotirfe to che- 
mical experiments. But will not the Ampler 
kinds be fufficient, in which the foffils, whether 
alone, or with the addition of proper fluxes, are 
melted in the fire and treated in various ways ? 
This indeed is the path purfued with indefatiga- 
ble zeal by the celebrated Pott, and which no 
one fince him has extended with more fuccefs 
than the renowned Monfieur D’Arcet. How 
fib - it is connected with our defign we fliall pre- 
feiitly have occafion to obferve. 


§ xxxm. TJjeir Character in the Fire. 

A thorough knowledge of the effects produ- 
ced by fire upon foffils is of the greateft importance 
in the cultivation of many arts. For if we re- 
collect that bricks, tiles, crucibles, glafs, a- 
rnaufa, earthen and china veffels, eliquation of 
metals, and Other works, can neither be carried 
on nor completed without the affiftance of fire, 
we ffiall fee that this knowledge, is equally 
neceffary and extenfive. 


§ xxxiv, 






§ xxxiv. Ufe of the Blow-Pipe in Oryclology . 

Nor can we pafs over in filence the great u- 
tility of the blow-pipe in ory£tology, by its fpee- 
dy and concife mode of operating. With it a 
few minutes are fufhcient to examine the nature 
ofafoffil, upon a piece of coal, orinalpoonofgold, 
and to obferve all the changes from beginning to 
end; which for the molt part is not poffible in a 
crucible; notwithftanding in this way, it re- 
quires feveral hours before the refult of the pro- 
cefs can be known*. 


§ xxxv. Mofl of the Principles of Foffils are 
difcovered, by Fire. 

It mult, however, be acknowledged, that, 
in many cafes, the principles of foffils may be 
afcertained by the proper application of fire ; 
unlefs, by the number or delicacy of fucli prin- 
ciples, the compofition of the foffil is rendered 
too complex and intricate. 


§ xxxvi. But not every Principle. 


There are many circumflances that will pre- 
vent us from confidering fire as the fupreme ar- 
biter of compofition, though fupported with all 

the 

Efiays, 2d vol. page 455. 
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the afliftance of the dry way ; and it may he 
fufficient to enumerate fome of the moil confi- 
derable. 


5 xxxvii. Why Investigation by Fire is fometimes 

fallacious. 

Fire tends to confound all principles toge- 
ther, except thofe of metallic bodies which are fe- 
parated from their matrices ; it is therefore not 
at all calculated to extricate the feveral ingredi- 
ents of compofition. 

§ xxxviii. The Efficacy of Fire cannot be de- 
fined with any certainty. 

An accurate and eafy meafure of the power 
of this element is yet wanting. A foffil refills a 
certain degree of heat, that will yield to one 
more intenfe ; and there are perhaps a very few 
that are deemed altogether refractory. 

§ xxxix. And it is variable alfo. 

It is not uncommon for the fame degree of 
fire to melt fome varieties of the fame fpecies, 
while upon others, it feems not to have the 
fmalleft influence. The petrofilices, feltfpat, 
and other foflils, afford examples of this kind. 

§ XL. 
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§ xl. Does not determine the Proportion of the 
different Principles. 

And laftly, iffometimes it is competent to dif- 
cover Angle principles, yet it always conceals 
their mutual proportions. This imperfection is 
of the greater moment, as it is evident, that the 
proportions of tne fame materials being varied, 
both the appearence in the fire, and the other qua- 
lities of the foflil, are often cenfiderably altered. 

§ xl i. Merit of Cronjledt. 

The celebrated Cronftedt, in his excellent fy~ 
item of foflils, has eftablifhed the fuperiority of 
principles, and has therefore conceived the ge- 
nuine method ; and if, notwithstanding, he has 
occafionally fallen into errors, they mult be at- 
tributed to the want of proper experiments. 

§ xlii. The heft Method of examining FoJJils in 
the Humid Way. 

The illuftrious Margraf had no fooner difco- 
vered the true method of decompofition, the hu- 
mid and menftrual, than he endeavoured, by his 
own exertions to render it eafy and practicable. 
The new road into which he ftruck, was befet 
with thorns and briars ; but it is certainly the 
P only 
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only one that leads to a knowledge of princi- 
ples, both as to quality and quantity; and there- 
fore mdifpenfably neceffary in every enquiry in- 
to compolition. 

I 

§ xun. The Difficulty of founding a Syflem of 

Foffils. 

It was the opinion of the celebrated Lehman, 
whofe judgement' in fuch matters was unquefti- 
onable, that a thoufand years would not be fuf- 
ficient for the conftru&ion of a fyftem of foffils, 
arranged according to proximate principles, on 
account of the immenfe number of various foffils, 
and the daily augmentation it is receiving ; the 
variety and expence of the neceffary expe- j 
riments, and the want of a more general lpirit 
of adventure and induftry requilite for fuch an 
undertaking. 

§ xliv. Internal and external Char aiders. 

A collection of thofe properties on which the 
leading principles depend, is called the internal 
character ; and the chief fuperhcial marks of a- 
ny foffil taken together, conftitute the external 
character . 

Of 1 
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Of the Classes of Fossils. 


§ xly. Enumeration of the ClaJJes. 

Avicenna, an Arabian phyfician of the e- 
leventh century, divided foffils into the four 
claffes, of falts, earths, metals, and phlogiftic 
bodies. In this divifion, all fubftances agreeing 
either in external or internal chara&er, are pro- 
perly enough combined ; and, as hitherto no 
general arrangement has been propofed prefe- 
rable to this, it is no doubt worthy of being 
continued. 

§ xlvi. Order. 

The order of the claffes may in a great mea- 
fure be treated as a matter of indifference ; how- 
ever, I think it right to begin with Salts, as be- 
ing the only fubftances foluble in water, and 
which ought to be thoroughly underftood, in 
order to develope the nature of the other claffes ; 
and perhaps, becaufe they are radically united 
with each of them, though the moft confidera- 
ble number of them have as yet in this ftate e- 
fcaped difcovery. 

Phlogiftic bodies I place the laft in order ; for 
thefe by their prevailing principle approach nea- 
rer than any of the other claffes to organifed bo- 
P 2 dies, 



-23 ON A NATURAL SYSTEM 

dies, charged with inflammability, and to which 
principle folfils perhaps are indebted for their 
exiftence. Earths and metals, according to their 
character, hold with propriety a middle fta- 
tion. 

§ XLVir. Dzjlinguijlnng Marks of each Clafs. 

For the prefent it may be fufficient to men- 
tion the following criteria of the clafles, which 
lliall afterwards be more fully explained. 

Salts very finely pulverifed, and difiolved in 
a thoufand times their weight of water, are more 
or lefs fenfible to the tafte. With refpedl to 
diftilled water 2 i3 the common limit of their 
fpecific gravity. 

Earths have neither tafte nor folubility . They 
are however taken up by proper Ample falts. 
Though for the moft part heavier than falts, 
they are not reducible to a metallic ftate. When 
compared with water, their fpecific gravity 
fludluates between 3 and 4’, which it has never 
yet exceeded. 

Metals are not foluble in water ; have a pecu- 
liar fplendour ; and furpafs all other known bo- 
dies in fpecific gravity. They are at leaft fix 
times heavier than equal bulks of water, com- 
monly much more ; but never exceeding twen- 
ty times. 


Phlogiftic bodies are almoft always lighter 

than 




than the falts ; but have this peculiar quality of 
being combuftible. 


§ xLvni 



Taste, depending upon the fenfibility of the 
tongue, differs fo much in different perfons, that 
what will excite powerful fenfations in one man 
lhall not be at all perceptible to another. It 
is evident, therefore, we are to place but little 
dependance on this quality. 

§ xlix. Solubility in Water. 

Solubility in water, confidered generally, 
is an unlimited property. In order to define it, 
it will be neceflary to attend to the flate of divi- 
fion of the body to be dilfolved, and the quan- 
tity and temperature of the menftruum em- 
ployed. 

Pulverization encreafes the extent offurface ; 
and in proportion as it does fo, the menftruum, 
by coming into contact in a greater number of 
points, ads with more efficacy. For this reafon 
large mafles immerfed in a menftruum, are 
fometimes very little, if at all corroded : When 
divided intofmall pieces they offer lefs reftftance ; 
and, if pulverized are entirely diffolved. It 
happens occafionally, however, that mechani- 
cal divifion does not anfwer the end effedually, 
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and therefore recourfe is had to the more fubtile 
powers of chemiftry ; and the precipitation of a 
folution made in a llronger menftruum, is taken 
fuccefsfully for this purpofe. For a precipitate 
yet moift and recent is fo open and fpongy, that 
it far exceeds all mechanical divifion. 

In like manner, though a folution cannot 
be effedted in an equal weight of water ; yet, if 
that weight is doubled or tripled, or fufficiently 
encreafed, there w^ould be no doubt of produc- 
ing it.— If water of a moderate temperature a- 
vail nothing, tepid or warmer watermay fucceed; 
and fhould this degree alfo of heat be ineffectual, 
it may yet be raffed to fuch a height in a clofe 
veffel, as will generally overcome all refiftence, 
and even produce effects fcarce to be expected. 

Hence, then, I apprehend it is evident, that 
the very nature of folubility will not admit of a- 
■ny certain or determinate criteria, but that it 
may be faid rather to proceed in an infinite fe,- 
ries : For if, on inftituting an experiment, no- 
thing is difiolved, a fufpicion will always arife 
that if the refitting matter were either more 
minutely divided or immerfed in a greater quan- 
tity of water, or in water of a higher tempera- 
ture, it would neceffarily be diffolved. In this 
manner, therefore, all certainty is deftroyed, and 
gvery conclufion rendered merely conjectural. 


§ 





Artificial Limits of Solubility. 


• If folubility ever becomes an ufeful criterion, 
it muft be by aligning to it certain neceffary ar- 
tificial limits. Having duly confidered this idea, 
I have pronounced thofe to be the belt, that can 
be found mod eafily every where. 1 have feledted 
therefore for this purpofe mechanical pulveriz- 
ation, a weight of water a thoufand times hea- 
vier than the fubftance to be diffolved, and a 
degree of heat equal to boiling, as boundaries 
more proper than any others. 

§ li. Great Extent of Solubility. 

We are very far from believing that this li- 
mit is to interrupt one link in the great connect- 
ing chain of nature. Our ignorance and weak- 
nefs have rendered it necelfary ; and, whatever 
fubftances beyond it a more improved ftate of 
fcience may difcover, we fhail refer them to the 
clafs of earths, though w'e give them the appel- 
lation of faline, as an indication of their charac- 
ter. As examples of fuch faline fubftances, we 
may take the liliceous earth, which is found ab- 
folutely diffolved at Geyfer in Iceland * ; and 
the zeolithic, at Laugarnaes in the fame ifland f . 

P 4 Vitriolated 

* Eflays, vol. 3d. p. 251. 

f Ibid. p. 255. 
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Vitriol ated ponderous earth, commonly called 
fpatum ponderofum , aerated lime *, fiuorated 
lime, impregnated with the acid of the lapis pon- 
derofus f, are all faline earths, by the force of 
compoiition, and are even without doubt folu- 
ble, though to what extent experience has not 
yet determined. 


§ lii. Bijlingui/bing Marks of Earths. 


The characters of earths are of the negative 
kind. An earth is that fubltance, which is not 
foluble ; not fo heavy as metallic bodies, nor is 
capable of combuflion. Criteria fuch as thefe 
betray our very limited and imperfect know- 
ledge. Cronftedt indeed mentions another 
mark, the malleability of earths ; but this ob- 
fervation may be applied to falts, phlogiltic fub- 
ftance, and the brittle metals. As to their 
form not being changed by a red heat, the fame 
can be laid of the vitriolated vegetable alkali, of 
metals that require a much greater degree of 
heat for their fuiion, and of other foffils. Any 
expanfion of their bulk is fcarce perceptible to 
the eye, though a red heat is always lure to pro- 
duce it, unlefs countera&ed by the diffipation of 
fome volatile matter, as in clay, aerated lime, 
and other fubltances. 

§ lux. 

* Vol. J. p. 2 6. 
f Vol. iii. p. 228. 






OF FOSSILS. 


233 


§ li 11. Metals. 


Perfect metals are eafily cliftinguifhed by 
their opaque fhiningfurfaces and fpecific weight. 
Their malleability, which Cronftedt confiders as 
their peculiar charadter, is no general criterion; for 
we reckon almoft as many brittle as dudtile metals. 


§ liv. PhlogiJUc Subjlances. 

A certain degree of levity, with as much 
phlogifton, loofely combined, as will occafion in- 
flammation, is neceflary to the conftitution of all 
bodies denominated phiogiftic. Solubility in oil 
is not a diftinguifhing property of this clafs; as 
that menftruum, though producing no effect on 
plumbago, yet adts violently on lead, copper, 
arfenic, and other metals. 



§ lv. Mixed Fqffils, 

While we are giving our attention to the di- 
ftinct arrangement of the feveral clafles, it will 
be eafily feen that we mean to confider fuch 
fofiils only as are in a ftate of purity ; that is to 
fay, free from every corruption by combina- 
tion -with the fubjedts of other clafles, not necef- 
fary to their compofition. Sulphurated metals, 
for example, belong to two clafles ; and we are 

to 
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to determine from other data, to which they 
ought in preference to be adjudged. In like 
manner, aerated and fluorated lime, muriated 
filver, and fome others are to be conlidered. 

§ lvi. Affinity of Foffils. 

By the law of continuity, we may obferve a 
great affinity among the feveral clafifes of fof- 
fils. 


§ lvi i. Affinity of Salts with Earths and Me- 
tals. 

We have already taken notice of the connex- 
ion of falts with earths, and we may add further 
to our remarks on this fubjeft, that burnt lime, 
by the intermedium of the matter of heat, ac- 
quires a folubility perfectly faline. The fame 
thing happens to ponderous earth, but not to 
magnefia. In all metals there lurks a certain 
acid peculiar to each, the nature of which we 
have as yet explored in arfenic only. Thefe 
metallic acids differ from all others in this re- 
fpedt, that, when taken with proper proportions 
of phlogifton, they become metallic calces; but 
if faturated with that principle they are reduced 
to a perfect metallic ftate *, generating at the 

fame 
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fame time fulphur and aeriform fluids *. Moil 
phlogiftic bodies likewife, perhaps indeed all, 
contain an acid united in their very conftitu- 
tion. 


§ lviii. Affinity of Earths with Metals. 

Earths refemble the calces of metals in ma- 
ny of their properties ; but in refpecft to fpecific 
gravity, the faculty of colouring glafs, and their 
reduction to the metallic ftate, they are eflential- 
}y different. 


§ lix. Sulphureous CharaSler of Metals. 


Metals in their perfect ftate are either me- 
tallic acids faturated with phlogifton, or a fpe- 
cies of metallic fulphur, which are fometimes 
very evidently fufceptible of inflammation, as 
zinc and arfenic. Gold and copper, when in 
fufion, afford fome appearance of flame, though 
faint, in a greenifh vapour ; bright fparks are emit- 
ted from iron in a white heat ; and tin alfo may 
be inflamed by a proper manner of operating. 


§ lx. Stones. 

In the clafles already enumerated, all foffils 
are by no means included. Such as are compo- 

fed 
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fed of heterogeneous fubftances, mechanically 
mixed, and united in avifible manner, and which, 
for the moll part, conftitute the entire fummits 
of mountains, are comprehended under one 
name of Petra or Saxa. Cronftedt has, with 
great propriety, treated thefe feparately in an 
appendix. The knowledge of thefe fubftances 
is doubtlefs highly neceffary, and tends much 
to the illuftration of phyfical geography ; but 
they are not therefore to be confounded with 
bodies more homogeneous, whofe combination 
refting on chemical principles, is effected in the 
way of folution. 


§ lxi. Organic FoJJils. 


Organic fofllls are confidered by Cronftedt 
in another appendix. Thefe fubftances are to 
be treated as ftrangers from the animal or vege- 
table kingdom. They are diftinguifhed by an 
organic llructu re, more or lefs imperfect ; of 
which, as long as they bear any marks, we are 
to reckon them as fofllls of a foreign fpecies. 
The confideration of them is however in various 
points of view, highly ufeful. They referable a 
feries of ancient coins in the teftimony they 
bear to the convuifions and revolutions of our 
globe, on which hiftorical monuments are whol- 
ly filent. From them we may learn the wide 
extended fovereignty of the fea ; the changes 

that 
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that lucceffive ages have wrought upon the fur- 
face of the earth ; and they difclofe to us what 
animals inhabit the deep abyfies of the ocean, 
and many other circumftances moll worthy the 
attention and enquiry of philofophy. 

§ lxii. Volcanic ProduSlions. 

Those burnt fubftances thrown out from the 
mouths of volcanos, by a greater or lefs degree 
of fubterraneous fire, Croniledt has thought fit 
to arrange in a third appendix. A general view 
of them no doubt would be ufeful ; but there 
are not wanting many reafons why, in my opi- 
nion, volcanic productions will not admit of a 
feparate clalfification. We know there are ma- 
ny who llrenuoufly fupport the hypothefis, that 
the whole foffil kingdom owes its origin to fire ; 
for fuch as thefe, therefore, any dillindion will 
be unneceflary. We have learned alio, that 
marks burned by fire into foffils are gradually 
obliterated by the injuries of time ; becoming 
firft obfeure, then equivocal, and at length be- 
ing wholly deftroyed. Whatever limits, there- 
fore may be drawn, they are in their very na- 
ture tranfient and perilliable. It is, and mull 
be often exceeding difficult to determine whe- 
ther foffils have derived their exiftence from fo- 
lution, or from the effeds of fire. According- 
ly, to me it feems proper, to infert homogeneous 

volcanic 
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volcanic productions into claffes agreeable to 
their principles ; and that all thofe heterogene- 
ous fubftances, whofe combination is vifibly me- 
chanical, fhould be the fubject of the firlt ap- 
pendix. 

Of Genera. 

§ lxiii. Arrangement of Genera. 

By the affiftance of clafies, all thofe foffils are' 
conneded, whofe compofition, charader, and 
properties are perfectly fimilar. Genera require 
a nearer affinity ; fpecies a refemblance Hill clo- 
fer ; and varieties mmft correfpond in their inter- 
nal habitudes only. 

Foffils entirely homogeneous are of very rare 
occurrence; as, for the molt part, two, three, 
or more principles, enter into their compofition. 

The more fimple their compofition, it follows, 
they will be the eafier reduced to their natural 
genera. 

Let A and B be the proximate principles of 
any foffil, let A be heavier than B, the com- 
pound A B, will be then referred to the genus 
of A ; but this admits of various exceptions. 

Suppofe B poffeffed of a generic difference, 
and that it is no where found in a fingle ftate, 
(for we do not here fpeak of artificial feparati- 



on), but always united to A, or fome other mat- 
ter, and ever inferior in weight in fuch combi- 
nations. According to the rule propofed above, 
the genus B fhould difappear entirely, and be 
altogether wanting in the genera of its own 
clafs, which is by no means confident with a 
natural fyftem. 

Again, let us fuppofe B excels A in the in- 
tenhty of its properties, fo that B is only equal 

in weight to — , yet notwithftanding the quali- 
N 

ties of B are clearly predominant in the compo-* 
lition A B, that is, are much more confpicuous 
than thofe of the lefs ingredient A. Here again, 
unlefs I am deceived, we are to admit another 
exception. 

If the cafes propofed under B and C obtain at 
the fame time, the exception receives a double 
confirmation. 

Sometimes it feems neceflary to give a prefe- 
rence to the price of particular fubftances. Sup- 
pofe A B C an ore, whofe metal C, though of 
lefs weight than any other part of the mixture, 
yet in value furpaffes both B and A, fo that they 
are entirely neglected, and C only thought wor- 
thy the expence of metallurgic operations. In 
this cafe ABC is in fadt the ore of C ; but if 
the proportion of quantity were regarded, it 
fhould belong to the genus of A, and with great 
propriety, if a natural fyftem only is required. 

We 
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We are not here to have any refpect to fi&itioUs 
valuation. But as the arrangement offoffilsis 
made with a view that cur knowledge of them 
may be eventually ufeful and advantageous, it 
may feem to militate againft this defign, if we 
were to feek among the bafer kind for all thofe 
noble minerals, whofe intrinfic value can defray 
the labour and colt of eliquation. 

The feveral cafes propofed ought not to be 
confidered as imaginary, as they each of them 
occalionally occur, and will be rendered more 
clear and intelligible by application in the fol- 
lowing fe&ions. 

§ lxiv. Genera of Salts. 

In falts, we difcover two genera, by no means 
ambiguous ; the acid, and the alkali. Chemif- 
try has not yet been able to extracl their proxi- 
mate principles; but, that they are different 
from, and oppolite to each other, there is not 
the leaft room to doubt. 


5 lxv. Acids. 

An acid is eafily difcoverable by the tafie, by 
its property of changing to red the blue vege- 
table colours, and of effervefcing with aerated 
alkalis. 


§ LXV I 
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§ lxvi. Alkalis. 

Alkalis are diftinguifned by a burning taflc, 
by their converfion of blue vegetable colours to a 
green, and by their powerful attraction for acids. 

§ lxvii. Salts not faturated. 

Unsaturated combinations of acids and al- 
kalis, enter the genus of the prevailing fub- 
Itance, unlefs any one fhould chufe to refer 
them rather to the imperfect neutral falts ; 
which might be done not altogether without 
reafon, as the moil of them betray an excefs of 
either the one or the other ingredient. 

§ lxviii. Whether neutral Salts are to he refer - 
red to a dijlincl Genus. 

It may be queftioned whether an acid exact- 
ly faturated with an alkali fhould conftitute a di- 
ftindl and feparate genus ? Or ought rather fuch 
a combination to be ranked under the acid, or 
the alkaline falts? If there is evidently an ex- 
cefs of either of thefe principles, as in § 75, then, 
without doubt, it may be properly affigned to 
the genus of the exceeding principle ; but, in 
all perfect neutral falts, the properties of acid 
and alkali are blended fo intimately by fatura- 
tion, that all diflinction between them feems en- 

tirely 
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tirely to have difappeared. In this ftate of e- 
quilibrium, then, it becomes a matter of indiffe- 
rence whether the preference be given to the 
acid- or the alkali. To the latter however I 
fliould rather incline, as the moft convenient ; 
but I would not violently oppofe any one who 
might think proper to refer them to the acid, or to 
a diftinct genus. Quantity may in this cafe, in 
lbme meafure, affift our determination ; but not 
without irregularity : For, as the pure fixed al- 
kali is faturated with a weight of acid lefs than its 
own; fo, on the other hand, the volatile alkali 
requires the acid to be heavier than itfelf. 

§ lxix. Mixed Neutral Salts. 

It may happen, that the fame acid is partly 
faturated with one alkali, partly with another ; 
and yet neverthelels, thefe t hree are fo ftrongly 
united by cryftailization, as to conflitute but 
one peculiar fait. The fait ofSeignette affords an 
inflance of this fpecies of compofition; the 
cream of tartar lilcewife faturated with volatile 
alkali. That the fame alkali may be combined 
with two acids, the union of cream of tartar 
with the acid of borax fufficiently demonftrates. 
In the follil kingdom, indeed, we find none of 
thefe triple falts ; but they inform us what may 
be done towards eflablifhing a general arrange- 
ment. The fait of Seignette, with the acid of 

borax 
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borax, produces a quadruple fait ; and it is not 
unlikely, but that the induftry of future ages will 
difcover combinations of five principles, and per- 
haps of ftill more ; the difpofition and order of 
which may be determined by the charadter and 
quantity of the feveral ingredients. 

§ lxx. Analogous Salts. 

Fossils of the fecond and third clafs become 
true faline fubfiances, by combination with any 
fait ; and iii this condition they are banifhed from 
their original clafles. Salts, fuch as thefe, are 
called, analogous ; and according to the charac- 
ter of their bafes, are of two kinds, either earthly 
or metallic. Whatever imparts the faline na- 
ture ought to determine the genus. 

§ lxxi. Other Combinations of Salts. 

All earths almoft as well as metals are not 
only taken up by acids, but feveral fofiils befides, 
of both clafles, are diffolved by alkaline falts; 
and fome even by neutral falts ; nay, it happens 
occafionally, that two double falts will unite in- 
to one, and form a fait of four principles. From 
fuch multiplied and various combinations pro- 
ceed, alkalis and acids charged with earths and 
metals; double neutral falts, or falts of more 
principles, containing earths and metals; double 
earthy falts united with double metallic falts, 
Q 2 which 
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which, according as the faline matter is either 
the fame or different in each, generate triple or 
quadruple compounds. 


§ lxxii. Doubtful Genera of Salts. 

In the clafs of falts it often happens, that 
fome principles are never found in a tingle and 
independent Rate, but united ahvayswith others. 
Such are, for example, the nitrous, the muria- 
tic, and arfenical acid. It may be doubted, 
therefore, whether thefe fubitances are to be 
confidered under their fimple genera. As, how- 
ever, it does not feem improbable,, that they 
were once free and uncombmed, we are hardly 
authorized to exclude them ; though it may be, 
at the fame time, obferved, that they have ne- 
ver yet been, found otherwife than in this Rate of 
combination. At all events, the invefligation 
of fimple fubfiances will throw light upon the 
feveral compolitions. 

§ l xxiii. Genera of Earths. 



Some genera of earths have hitherto refified 
all attempts to reduce them into Ampler princi- 
ples ; while others, by a proper analyfis, have 
difcovered two or more. The former are called 
primitive , the latter, derivative earths. 

§ LXXIV'- 
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§ lxxiv. Primitive Earths. 

Cronstedt has eftablifhed nine primitive 
earths, but accurate experiments have fince 
Ihewn that the greater number of them were 
compounded, fo that the account is reduced to 
three only; the calcareous, liliceous, and argilla- 
ceous. We have however to add new earths, with 
which he was not acquainted, the terra ponde- 
rofa and magnefia. We reckon therefore five 
primitive earths. 

§ Lxxv. Of the common Origin cf Earths. 

Although the powers of chemifiry have not 
yet been able to decompofe thefe five earths, 
the reduction of them all to one fpecies, or, 
at leaft, to a fmaller number than the prefent, 
may poffibly be the reward of future induftry. 
I acknowledge mylelf of this opinion, and I 
think with fome foundation. Clay, for exam- 
ple, is nothing elfe than calcareous earth, fo 
llrictly combined with fome unknown acid, that 
the feparation of them has hitherto been attempt- 
ed in vain. No one certainly could have fuf- 
pedted the calcareous bafe in the lapis ponderofns , 
which has been demonfixated by analyfis. In 
like manner, other fubftances may be inveftigat- 
ed. But until proper experiments (hall have ful- 
ly developed the nature of fuch compofitions, 
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they mult be, in reipect to our knowledge of 
them, confidered as primitive fubdances : For it 
is wholly inconfiftent with the caution and dif- 
fidence of natural philofophy to advance any 
pofition upon a bare poffibility. Daily experi- 
ence fufficiently teaches, that thofe things 
which at one time appear highly probable, may 
at another be difcoveredto be entirely unfounded. 



§ lxxvi. Reafons why the Terra Ponderofa 

ought to be referred to a diflincl Genus. 

The ponderous earth, on account of its great 
fpecific gravity, is deferving of particular atten- 
tion, and leads us naturally to apprehend it to 
be of metallic origin. Other arguments alfo 
fupport this hypothefis. It is admitted, with 
the force of an axiom, that phlogillicated alka- 
li precipitates metallic folutions only : But if 
this alkali is dropped into a folution of acetated 
ponderous earth, it is immediately difturbed, 
and a white powder is precipitated ; which, on 
examination, is found to confift of that earth 
vitriolated, from the vitriolic acid inherent in 
the Pruffian blue. If the powder is feparated by 
means of a filtre, and a new portion of acetated 
ponderous earth added to the liquid, on expoling 
it to the fire, the folution, though clear before. 
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earth, faturated with the nitrous acid is treated 
in a fimilar manner : Therefore it feems rather 
to refemble a. metallic calx than an earth, by 
thefe properties. 

Among the metallic calces, that which arifes 
from lead correfponds with the ponderous earth 
in its weight, its white colour, and peculiar at- 
traction for the vitriolic acid, by which that a- 
cid is torn away from alkaline falts ; but there 
is notwithflanding a remarkable difference be- 
tween them. Acetated lead is diflurbed wholly 
in the cold by phlogifticated alkali, and depofits 
a fediment, which neither is foluble in water, nor 
in the vitriolic acid ; but the acetated ponderous 
earth yields its genuine precipitate by heat on- 
ly, and which is foluble both in the vitriolic a- 
cid and in boiling water. Befides, this earth 
has hitherto refilled all efforts to reduce it to 
a metallic Hate. 

Therefore, although there may appear a con- 
fiderable affinity between the ponderous earth 
and a metallic calx ; yet, as long as it is incapa- 
ble of reduction, its metallic nature is certainly 
not fufficiently demonflrated, and it mull flill 
retain a place among the earths. 

§ L xxvi 1 . Five Genera Jhoulcl be conjiituted of 
the Jive primitive Earths. 

As we have enumerated already five primi- 
tive earths, they naturally become the heads of 
0.4 five 
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five diftindt genera. It is very rare, if ever, that 
they are found in a fimple ftate, being either 
combined -with one or more of the. other earths. 
The moll eafy method, therefore, would be to de- 
termine the genus of every fuch compofition, 
according to the heavieft principle ; but the 
cafes before feparately dated, in § lxiii, are often 
objections to this plan. 

§ lxxviii. Exceptions. 

Were this rule once admitted, we fhould lofe 
altogether the magnefian and argillaceous ge- 
nera ; for, in the compofitious hitherto examin- 
ed, into which thofe earths enter, the filiceous 
has been always found to outweigh the others, 
although, from their character and properties, 
they had both the fuperiority. Common clay 
contains above half its weight of filiceous earth, 
fometimes above three fourths, and yet the ar- 
gillaceous qualities are fo diftinct, that thefe com- 
pofitions are unanimoufly denominated argilla- 
ceous. The fame richnefs and pre-eminence of 
quality, with refpect to the filiceous earth, are 
found in magnefia, and other jubilances. 

All earthy compofitions, therefore, may be 
determined by the genus of that ingredient, 
which exceeds the others in weight, unlefs it be 
filiceous, and not equal to feven-eights of the 
whole. In fuch cafes, the genus ought to be 

afcertained 
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ascertained by whatever ingredient aproaches 
neareft in weight to the fiiiceous. 

5 lxxix. Compounded Earths are not united me- 
chanically only. 

But perhaps, all earthy coriipofitions are no- 
thing elfe than many fubtle mechanical mix- 
tures ? At the very firft view indeed there feems 
fome foundation for fuch an opinion; but a 
more minute inveftigation furnifhes evidence of 
a clofer union conftru&ed on other principles. 
The earth of alum immerfed in lime-water, 
and entering into fo Uriel a combination with 
the lime as not to be feparable but by chemical 
art, teaches us, that among primitive earths mu- 
tual attraction has a real exillence. Belides, as 
almoft all thefe mixtutes generally form cry- 
ftaline concretions, we have another proof, not 
only of the minutenefs of their particles, but of 
an union perfectly homogeneous. 

§ lxxx. Genera of Metals. 

In the third clafs we are to conftitute as many 
genera, as we have known diitinct metals. 

§ L x x x 1 . Encreafed within a few Tears. 

At the beginning of the prefent century, 

eleven 
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eleven metals only were known ; but it had fcarce 
grown forty years older, before the difcovery 
was made of platina, a noble and ductile metal, 
and of three or four others, that were not mal- 
leable, as cobalt, niccolum, magnefium, and fi- 
derum, which laft has hitherto appeared to dif- 
fer from all the reft *. The fifth in molybde- 
na is not yet fufficiently explored, to determine 
whether it fhould be reckoned among thofe al- 
ready known, or conftitute a new fpecies ; and 
to the iixth, in the acid of the lapis ponderofus, 
we may apply the fame obfervation. Of thefe 
two, however, we are in hopes the character of 
the firft will be foon difplayed by the induftry 
of Mr Hielm. The genera of metals, therefore, 
of which we can be certain, amount to fixteen, 
or fifteen at leaft ; and it is not unlikely that 
this number will be increafed by future difcove- 
ries. 

§ lxxxii. Arrangement of mixed Metals. 

In fedtion lxiii. we have a queftion refpecting 
the genera of minerals containing two metals, 
the one of which is more valuable than the o- 
ther, but in lefs quantity. Examples of fuch 
minerals we find in the golden pyrites, which 

hold 

* Meyer and Klaprothius have proved it to be iron joined 
to the phofphoric acid ; and our author, convinced by their 
arguments, changed his opinion. 
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hold a fmall proportion of gold united with a 
large proportion of iron ; among the galena;, 
that are far richer in lead than in lilver; among 
the copper pyrites, always producing more iron 
than copper; and fo on of many others. Ac- 
cording to fy Hematic rules, the more valuable 
and fcarcer metal, although it defray the ex- 
pence of eliquation, Ihould yet be referred to 
the genus of the more abundant, though of lefs 
eftimation. But if the ufe and aim of any fyltem 
is conlidered, there can be no doubt that the 
preference Ihould be affigned to the metal of 
the higheft value. In fome degree, however, 
the determination of this point may be a mat- 
ter of indifference, provided no diftinct genus 
is thereby deflroyed ; a circumftance that would 
probably affect the fiderite, in cafe it were de- 
cided in favour of fuperiority in weight, as that 
metal has never yet been found feparate from 
iron ores, to which it always bears the fmalleft 
proportion. 


§ lxxxiii. Genera of Phlogijlic Bodies. 

The fourth clafs contains the feweft genera, 
fulphur, petroleum, amber, and perhaps dia- 
mond. 


? i. xxxiv. 


i 
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§ lxxxiv. Sulphur. 

Sulphur is an inftance of the mod Ample 
compofition, confiding of two principles only, 
acid faturated with phlogifton, 

§ lxxxv. Petroleum. 

In petroleum we difcover an union more com- 
plex ; a fmall portion of water combined, by 
means of an acid, with the principle of inflam- 
mability. . 


§ lxxxvi. Amber. 

The origin of amber is evidently from the ve- 
getable kingdom, for, belides its peculiar acid 
and oil, we obtain the acetous acid by diftilla- 
tion. The earthy reliduum may be confidered 
as a matrix. 


§ lxxxvii. Diamond. 

With regard to the diamond, I have hitherto 
found no place fo proper for it as this clafs. 
In a fufficient degree of fire, it is entirely con- 
fumed, and with an appearance of cloud or 
flame; and, in the focus of a burning lens it 
difcovers figns of a footy matter. 


§ LXXXVI 1 1, 


§ lxxxviii. Pyrites and Molybdejia do not con- 
Jlitute peculiar Genera. 

I have referred pyrites, or fulphurated iron to 
the genus of iron. In like manner, molybdena, 
which is nothing elfe than a metallic calx mi- 
neralized by fulphur, provided its genus w'ere 
known, ought to be afcribed to the clafs of me- 
tals. As to the foffil confidered by Cronftedt as 
fixed phlogilton, and which he calls hr under tz, 
its compofition has not as yet been fufficiently 
inveftigated. 

§ l xxxix. Properly J "peaking , there is but one Ge- 
nus of phlogijlic Subjlanccs. 

In the flri chiefs of language, all the genera 
of this clafs might be reduced to one, as the 
fame principle of inflammability prevails in each 
of them. 


§ xc. Firjl Appendix. 

iNthefirft appendix to the clafies, are treated 
thofe fofiils of various and mechanical combina- 
tion, and which for the molt partis obvious to 
the fight. 
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§ xci. Four Genera ofFoJJils mixed mechanically . 


Answering this defcription, we have four 
genera only, which are denominated according 
to the clafs of the molt predominant ingredient 
in their compolition. 


§ xcii. Firjl Genus. 


The firft genus in which the faline charac- 
ter prevails occurs fometimes in the neighbour- 
hood of volcanoes. In gypfum alfo other foffils 
intimately mixed are occafionally found. The 
fubftances likewife contained in natural waters 
may perhaps be referred to this genus. They 
are indeed held by water in folution, but their 
union is generally merely mechanical, of which 
the fixed principles are collected in the refidua, 
after the evaporation of the liquor. 


§ xciii. Second Genus. 


To the fecond genus we affign allthofe foffils 
in which the earthy principle abounds. Such 
are thofe placed by Cronftedt in his foil appen- 
dix under the name of faxa. Under this ge- 
nus may be arranged feveral matrices of metals 
as well as of inflammable fubftances; for lithan- 

thrax, 








OF FOSSILS. 255 

tlirax *, aluminous fchiftus, aluminous ore of 
La Tolfa, and many others, contain fome extra- 
neous earthy matter, and in confiderable quan- 
tity. 

§ xciv. Third Genus . 

In the third genus, the metallic nature is pre- 
dominant. It has been long obferved, that 
fome metals affect a difpolition to affociate with 
each other; fo that if one is difcovered, it may 
be properly conjectured that the other is not ve- 
ry far diftant. Relations fuchas thefe, as are ob- 
vious in this genus, are worthy attention and 
enquiry, as they prcmife no fmall advantage to 
the inhabitants of mountainous countries. 

§ xcv. Fourth Genus. 

In the fourth genus we meet with various 
mixtures of foffils, of which this ruling principle 
belongs to the laft clafs. 

j xcvi. DiJlinEl and mixed Particles of Foffils. 

To this appendix likewife, the diftindt and 
mixed particles of foffils may conveniently be 
referred, inferting them under their proper ge- 
nera, according to circumftances. Such, for 

example 

* Pit coal. 
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example ape the marles, mofc of the common 
clays, mixed fands, and feveral others. 

$ xcvn. Four Genera of organic Fojfils. 

Lastly, Organic foflils are divided into four 
genera, as the diverlity of their nature fuggefts, 
whether they are found impregnated with and 
compofed of falts, earth, metals, or phlogifton. 

§ xcvm. Fifth Genus of CronJiedt. 

Cronstedt adds a fifth genus, and perhaps 
with great propriety, in which are included all 
• the dead remains of once living fubftances, 

which, by gradual putrefaction, have loft their 
original ftructure, though they ftill retain fuch 
ftrong marks of it as are not obliterated entirely 
but by the lapfe of many years. To this genus 
belongs the earth of deftroyed animals or vege- 
tables. 


§ xcix. Organic Bodies mineralized by Salts. 


This operation muft vary according to the na- 
ture of the fubftance. Bodies immerfed in a fait 
folution are Sometimes penetrated by it, and in- 
durated. In this manner the entire bodies of 
men, that had fallen by accident into the vitri- 
olated water of the mine of Fahlun were found 

after 
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after feveral years, fo little changed to the eye, 
that the individual could be remembered by 
his countenance : In other refpefts however they 
were rigid like a ftatue, formed of faline mat- 
ter. When expoled to the free air they began 
to crack. By a fimilar procefs, no doubt, even 
fofter fubftances may be fo hardened, as to pre- 
ferve their ftructure a long time, exempt from 
putrefaction. 

§ c. Bodies impregnated with Bitumen. 

In like manner organic bodies, impregnated 
with bituminous matter are enabled to preferve 
themfelves from decay, and retain their figure 
and ftructure. 

§ ci. Petrifaction of organic Bodies . 

Neither the bodies of animals nor of vegeta- 
bles can be wholly penetrated by ftony particles. 
The harder parts only, as the bones, fhells, ex- 
ternal covering, roots, woods, fruit, and fimilar 
fubftances, are liable to this change ; which, if I 
miftake not, proceeds in the following manner : 
At firft, the parts of fofteft texture putrefy, and 
leaving feveral empty fpaces, through which 
water loaded with earthy particles paftes, and 
in its courfe depofiting them, the vacuities are 
at length filled by their gradual accumulation. 
Then follows the deftruction of the more firm 
confidence, to be penetrated in the fame order. 

R If 
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If the later depolitions differ in their colour anti 
properties from thofe of an earlier date, yet the 
original organic ftrudture is beautifully difplayed 
by fmooth and polifhed fections of the different 
bodies. All the particles, however, of the bo- 
dies fo deftroyed are not always carried off ; for 
it often happens in diilillation, that fuch are ex- 
pelled as fhew figns of an organic conftrudtion. 

j cix. Organic Bodies penetrated with metallic 

Particles. 

The ntofl fab tle'me tall ic molecules, that can 
poffibly be carried along by water, may in the 
fame manner penetrate and change the harder 
organic parts. 

§ chi. Nuclei. 

From the fubftances already deferibed, nu- 
clei have, with great propriety, been confider- 
ed as quite diftinct. They are produced by two 
different proceffes. Any body poffeffing a fliell 
or firmer covering, and depofited in a foft ftra- 
tum, is gradually attacked in its fiefhy parts 
and foft inteftines, which are either w'holly de- 
ftroyed, or contracted by exficcation ; fo that 
room being made in this manner for the parti- 
cles flowing in, the fliell is at length filled with 
a nucleus, bearing the marks of its internal fur- 
face. If a body is involved in fediment, and 
after the exficcation of the ftratum is any way 

deftroyed 




Seftroyed or carried off, a nucleus will be form- 
ed in the cavity, defcribing its external fea- 
tures. 


$ civ. Remaining ImpreJJions of organic Bodies. 

In any foft fubftance, impreffions are left by" 
cockles, fnails, infedts, fifties, and other fmall a- 
nimals of the firmer kind, either of their exter- 
nal furface, their bones, or Ikeletonsi 

cv. OJieocolla. 

In particular foils, living roots are by degrees' 
Covered with fo hard a cruft, as to prevent the 
abforption of the neceflary juices. When a ve- 
getable attracts moifture every where in the 
neighbourhood of its root, the fubtile, calcare- 
argillaceous, filiceous, and even ochreous 
molecules, that accompany it, produce this ef- 
fect. The fluid in which they were borne being 
abforbed by the roots, they fix themfelves on 
the furface, and there forming a covering imper- 
vious to water, the roots decay, putrefy, and 
leave this cruft, which is commonly called ojleo- 
eolla. 

Incruflated organic Bodies. 

Waters loaded with earthy particles fre- 
quently cover with a cruft, reeds, fmall bran- 
R 2 dies, 
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ches, and other fubftances immerfed in them, 
without any alteration of their original form. 



Of THE DIFFERENT SPECIES. 

§ evil. Specific Characters of Salts. 

Specific characters are to be determined by 
the difference in the nature of thofe fimple falts, 
which art has not been able to compofe from 
their principles. Of thefe, two diftinCt genera 
only are known ; the acid and the alkali alrea- 
dy mentioned. 




§ cvm. Species of Acids. 

The genus of acids is very extenflve. The 
vitriolic, nitrous, and muriatic, have been ex- 
tracted from foffils for many ages paft ; but the 
difeovery of others differing evidently from thefe 
has been made within a much later period. The 
acid of fluor, borax, arfenic, fiderite, molybde- 
na, and lapis ponderofus, are of this deferip- 
tion *. 



§ cix. Vegetable Acids . 
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Befides the acetous, which was the only one 
formerly known, it has produced to us already 
the acids of fugar, forrel, tartar, benzoin, citron, 
amber, and feveral others. 

$ cx. Animal Acids. 

The animal kingdom is the pooreft of the 
three ; for except the acid of ants, and of fat, 
we know of none other proper to it, although, 
without doubt, it contains many highly deferr- 
ing of notice. As for example, the acid which 
the larva phalaenae vinulae of Linnaeus throws 
out in its defence, clear as water, and colour- 
lefs, which refembles the concentrated acetous 
acid in fmell and tafte, coagulates blood, and 
thickens fpirit of wine ; reddens blue paper for 
a fhort time; but the original colour returning 
afterwards, affords proof of its great volatility *, 
The fcarcity of this very Angular liquor has per- 
haps delayed fo long its further inveftigation. 

§ cxi. Acids common to feveral Kingdoms of 

Nature. 

Other acids are common to all the kingdoms 
of nature, as the phofphoric , which had been 
falfely affigned to the animal kingdom alone ; 
but which has been found, though rarely, in the 
foffilf, and in great plenty in the vegetable 
R 3 kingdom. 

* Oeuvres de M. Bonnet, v. Iii. 8vo. p. 28 . 

f Effays, vol. ii. page 426. 





,62 


ON A NATURAL SYSTEM 


Kingdom. Under this head we may arrange 
the aerial acid. 

§ cxi i. Great Number of Acids. 

If we confider, that probably the exigence 
of all metals depend upon their peculiar radical 
acids ; that vegetables evidently contain a num- 
ber of unknown acids ; and that, perhaps, the 
fame may be faid of animals alfo; we have rea- 
fon to wonder at the abundance and variety of 
this fubflance, and to fet a high value on its u~ 
tiiity and importance in the oeconomy of na- 
ture. 

§ cxm. Species of Alkaline Salts. 

The extent of the other genus is confined 
within very narrow limits. For a long* time 
three fpecies only of alkaline falts were known; 
two of which could bear a flight ignition, and 
were therefore denominated fixed ; while the 
other was diflinguiflred by its volatility. 

5 cxiv. Fixed Alkalies. 

Of the fixed alkalies the one feems to prevail 
in the vegetable, and the other in the mineral 
kingdom ; from which they both derive their 
names. 


§ cxv. 
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§ cxv. Neutral Salts. 

Salts formed by the exact faturation of acids 
with alkalies amount to fixty double fpecies, on 
the fuppolition that the acids do not exceed 
twenty in number. A confiderable part, how- 
ever, of the combinations of thefe are as yet un- 
known, or at lead but imperfedly examined. 

§ cxvi. ImperfeEl double Salts. 

Many imperfect double falts have been dif- 
covered. The acids of vitriol, arfenic, tartar, 
and forrel unite in excefs with the vegetable al- 
kali ; and the acids of vitriol and tartar with the 
mineral alkali. The labours of pofterity will 
probably add a greater number. Borax retains 
an excefs of alkali; and the arfenicated miner- 
al alkali likewife is capable of a limilar combin- 
ation. 

§ cxvii. Triple Salts. 

The fait of Seignette, and tartar faturated 
with volatile alkali, furnilh examples of the neu- 
tral triple falts. 


R 4 
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§ cxviii. Imperfect Triple Salts. 



Among the triple imperfedt falts, we know of 
the union of tartar with the acid of borax* 
Here is an excefs of acid. 

§ cxix. Quadruple Salts. 

\ 

Tartar and borax combined, are an in, 
fiance of the quadruple falts. 

§ cxx. Species of analogical Salts. 

Earths and metals, although fingly they re- 
fufe every combination with water, yet by the 
admixture of a fait they become for the mod; 
part foluble, and are then called analogical 
falts. 

§ cxxi. Species of double perfect earthy Salts. 

Four primitive earths uniting with twenty a- 
cids, produce eighty double perfect earthy falts; 
that is falts compleatly faturated. The fifth 
earth, the filiceous, is foluble in the fluor acid 
only. 


9 CXXI’ 
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§ cxxii. Double imperfeSl earthy Salts. 

Of all the double imperfed earthy falts, with 
an excefs of acid, the fait of alum is the molt 
confpicuous. 

§ cxxiii. Triple earthy Salts. 

The principle triple compounds, are the vo- 
latile alkali, either vitriolated or muriated, and 
magnefia, with which even nitrated lime readi- 
ly unites. — Vitriolated magnefia combines with 
clay; and both the vegetable and mineral alka- 
li faturated with the acid of fluor, admit an uni- 
on with filiceous earth* 

§ cxxiv. Earthy alkaline Salts. 

Fixed cauftic alkalis, I know for certain af- 
fed no other earths than the argillaceous and 
filiceous. No triple alkaline falts have as yet 
been difcovered. 

5 cxxv. Species of metallic falts. 

Analogical metallic falts are by far the 
mod numerous. From a combination of the 
iixteen metals with the twenty acids, we ob- 
tain three hundred and twenty double falts; 

but 
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but which can be fcarcely fo perfectly faturated, 
as that there lhould not be fome fmall excefs of 
acid. 


§ exxvi. Metallic Salts, with an Excefs of the 
metallic Bafe. 

There are fome inftances alfo of the union 
of metals and acids, highly deferving of notice, 
in which the excefs is on the part of the metal. 
To this head we refer the turpith mineral, and 
red precipitate of Mercury, which though ever 
fo well walhed, yield a fmall quantity of a- 
cid on diftillation. The fame remark applies 
equally well to the pulvis algarothi. Mercurius 
dulcis retains its metal partly calcined and part- 
ly perfect * ; and nitrated filver, in like manner 
can take up a portion of filver, without dephlo- 
gifiicating it. Muriated copper, deficient in its 
.acid, conftitutes a peculiar fait hitherto unclif- 
cribed. 

§ cxxvii. Triple metallic Salts . 

We have long been acquainted with a con- 
fiderable number of metallic triple falts, that 
are not feparable but by decompofition. Of 
this defeription are the combinations of tartar 
With iron and antimony • of the vitriolated ve- 
getable 

Scheele in Aftis Stockh. 






getable alkali with iron ; of the muriated vegeta- 
ble alkali with platinum ; of the vitriclated vo- 
latile alkali with copper ; cf the muriated vola- 
tile alkali with platinum, quickfilver, copper, 
and iron; of vitriolated and acetated quickfilver 
with iron ; of vitriolated iron with magnefium, 
with copper, and with zinc. 

5 cxxvm. ^iiadruple metallic Salts. 

The quadruple metallic falts are formed by 
the union of fal amm.oniac with nitrated iron, 
with nitrated copper, and with boracic quicks 
filver ; of the vitriol of iron, likewife, with the 
vitriols of copper and zinc together. 

§ 'cxshx. ■ Alkaline metallic Salts. 

Most of the alkalis alfo combine readily with 
metals, efpecially the volatile alkali; which 
fometimes forms beautiful cryftals, with a me- 
tallic bafe, as with filver and copper. The nu- 
merous family of thefe falts are deferving of 
much greater attention than has ever yet been 
paid to them. 

§ cxxx. Synopjis of Salts. 

From what has been faid, I am of opinion 
there can be no doubt of the extenfive influence 

and 
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and variety of the clafs of falts, in which we 
have here confidered all thofe prepared by art, 
as well as thofe produced by nature. In fa- 
vour of the halurgic fyftem, I fhall fubjoin a 
table, prefenting at one view all the chief varie- 
ties, with which I am acquainted. A greater 
number of proper experiments would certainly 
add many more to the account. 


Salts. 


Properly 
fo called 1 


Simple 

Double 


Triple £ 


Quadruple 


Acid 

Alkali. 

Neutral 

Imperfedu 

Neutral 

Imperfect. 

Neutral 

Imperfect. 


earthy 



Ana- 
logic ! 


with an alkali double 

f^perf. with 


double 1 gxgefg acid 


r 



with an acid ' tr jpi ( 


metallic < 


quadruple 


with an alkali double 
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§ cxxxi. Species of Earths of a double Character. 

In the clafs of earths different fpecies frequent- 
ly occur, poffefling two characters. To the fir ft 
belong the faline earths ; which, on account of 
the limits before afligned to them, are not rec- 
koned in the clafs of falts, although they refera- 
ble them in their nature, and conftitute but an 
imperfect fpecies of earths. Of thefe fubftances, 
however, a few only are known, § 51. 

§ cxxxii. Mixed Species of Earths. 

Genuine fpecies of mixed earths are produ- 
ced by the intimate union of two or more. Of 
the exiftence of fuch an union we have clear e- 
vidence, in § go. 

$ cxxxi 11. On what Arguments their Diverfity is 

founded. 

Not the quality and number only of the in- 
gredients, but even their- relative weights im- 
ply a fpecific diverfity. 

5 cxxxiv. The NeceJJity of confi 'dering the Propor- 
tion of every Part. 

In the Sciagraphia Rcgni Mineralis, lately 

publiftied 



published, I have overlooked the mutual pro- 
portions; but, on further reflection, I find the 
confideration of them abfolutely necefiary. 


5 cxxxv. Method of invejiigating the fever al Spe- 
cies of Earths. 

In order to determine with accuracy the fpe- 
cies of earths, which hitherto feem to have reli- 
ed on no very certain foundation, it will be re- 
quifite to explain carefully this doctrine. Let 
the five primitive earths be indicated by five 
initial letters, the ponderous by p, calcareous by 
c, magnefian by in, argillaceous by a, and fili- 
ceous by r. 


§ cxxxvi. Continuation . 

At firfi: we will attend to the character only 
and number of principles; and, by means of the 
doctrine of combinations, it will be ealy to af- 
certain how many fpecific confociations can arife 
from thefe five letters. 

For example, p, c, m, a , and s, can produce n« 
more than ten double fpecies— ^ 



pc, 

pm, 

pci, ps f 

cm. 

ca , 

CSy 

ma. 

?ns, 


as. 
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Of triple fpecies we have as follows : — 
pan , pea, pcs, pma, pms, pas, 
ana, ems , cas, 

mas. 


Quadruple r — 

pema, pans, peas, pmar. 

Laftly, One quintuple only : — 

pemas. 

In this manner, from the whole clafs of 
earths, befides the five fimple fpecies, contain- 
ing the primitives alone, we can obtain but 
twenty -fix different combinations; which, toge- 
ther with the five fimple, amount in all to thirty- 
«ne. 


§ cxxxvn. Why this Method is impafecl. 

In this plan, horv ever, the number of the fpe=> 
cies is too much limited, and our conclufiona 
liable to error. It will eafily appear that pa, for 
example, mud be feparated ; for the chara&er 
of the mafs, with an excefs of ponderous earth, 
will be by no means the fame as with an excefs 
of clay. In like manner pac fhould be referred 
to three diftind genera, according as the firft, 
thefecond, or the third principle bear the great- 
aft Ihare in the compofition, (§ 78.). The fame, 

indeed 
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indeed, will be obferved in whatever formula is 
employed. Therefore it is neceflary, together 
with the number of the principles, to conlider 
the weight of each. 

$ cxxxvm. In what Manner can this De- 
fect he fupplied or corrected. 

That they may be allfymbolically defigned, 
and rendered obvious to the fenfes, a certain lo- 
cal value muft be affigned to every letter ; fo 
that whatever principle occurs firft in combina- 
tion, that lhould be underftood to be the heavi- 
eftof the whole mafs : Every intermediate prin- 
ciple will yield to the preceding one, but ex- 
ceed thofe that follow it, and the laft of all will 
be of the lead importance. 

§ cxxxix. Enumeration of double Species. 

According to this fyftem then we fhall have 
twenty double fpecies : 
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§ cxl. Enumeration of triple Species. 

Each of the five letters in forming triple 
compofitions, may be arranged in twelve difj 
ferent ways. Five multiplied by twelve, there- 
fore produce lixty fpecies as follows : 

pern, pea, pcf pma, pmf pmc, paf pac , pam i 
Pfc, Pfm, pfa. 

cpm, epa, cpf emp, cmd , cmf cap, cam, caf, 
cfp, efrn, cfa. 

mpe, mpa, mpf, mep, me a, mef map, mac, maf, 
mfp, mfc, mfa. 

ape, apm, apf acp, acm, acf, amp, amc, amf 
afp, afe, afm. 

fpc, fpm, [pa, fcp, fern, fca, fmp, fmc, fma, 
fap, fac, Jam. 


§ ex li. Quadruple Species. 

As the double fpecies amount to twenty; and 
thefe, with the remaining three letters can be 
combined in fix different ways, in the quadru- 
ple fpecies, it will be eafily feen, that fix times 
twenty, or one hundred and twenty, will ex- 
prefs the amount of this divifion. 
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pcma, pcam, pcmf pcftn , pcfa , pcaf, pmac , 
pmca, pma/ pm/a, pmcf, prnfc, pacm, pamc, 
pacf, pafc„ pamf, pa/m, p/cm , 
pfam , ///«*. 


cpma, cpam, cpm/ cpfm , cpnf, cpfa, cmpa, 
cmap , cmpj, cm/p , cmaf, cm/a, capm, camp , 
cap/ ca/p, earn/ ca/m, c/pm, c/mp, c/pa , 
c/up, c/ma, c/am. 

wipra, mpac, vi pa/ tr.p/a , vifcj, mp/c mcpa , 
mcap, tncpf, mcfp, mca/ me fa, macp, mapc, 
mac/ ma/c , 7n//>r, mfap, 

m/pa, mfac, m/a. 

apcm, apmc, apm f ap/m , a pk-> acpm, 

acmp , acm/ ac/m, acp/ a c/p, ampc, amcp, 
amp/ am/p , amc/ am/c , a/pc, a/cp , £//>/», 
a/mp, a/cm , 


fpw, fpmc , /pam, /pma, /pea, /pac, /cpm, 
j emp , /cam, J etna , /epa, /cap, /mca, /mac, 
j mpa , /map, /mep, /mpe, /ape, Jacp, /acm, 
/amc, /amp, /apm. 


§ cxlii. Quintuple Species. 

The triple fpecies being fixty in number, 
(§i.jO.) and each of thefe admitting of two 
changes only with the other two letters, it fol- 
lows 



lows, that, under this head, we may reckon one 
hundred and twenty fpecies. 


pcmaf pcmfa , pcamf, pcafm , pcfam, pcfma , 
pmcfa, pmcaf pmafc, pmacf pmfca, pmfac, 
pamfc, pamcf pafmc , pafcm, pacf/ii, pacmf % 
pfcma , pfcam , pfmca, pfmac, pfamc, pfacm , 

cpmaf, cpmfa , cpafm, cpamf, cpfam, cpfma, 
cmpaj] cmpfa, cmapf, cmafp, cmfpa, cmfap, 
camfp, campf, capmf, capf/n, cafpm , cnfmp , 
cjmpa , cfmap, cfpma, cfpam, cfapm, cfamp* 

mpcfa, mpcaf, mpacf, mpafc, mpjba, mpfac , 
mcpaf, mcpfa, mcapf, mcafp, mcfpa , incfap , 
mapcf, mapfc , macpf, macfp, mafcp, mafpc, 
mfpca, mfpac , mfcap, mfcpa , mfacp, mfapc. 

apcmf, apcfm, apmcf, apmfc , apfcm, apfmc, 
acpmf, acpf'n, acmpf, acmfp , acf&m , acfmp, 
ampcf ampfc , amcpf, atncjp, amfpc , amfcp, 
afpcm, afpmc, afcpm , afcmp, afmpc , afnicp. 

fpcrna , fpcam , fpmca, fpmac, fpacm, fpamc , 
fcpma , fcpam, fcmpa , fcmap , fcamp , fcapm , 
fmpca, fmpac, fmcpa, ftticap, fmacp , fmapc , 
fapcm , fapmc , facpm , facmp, fampc, famcp. 

S 2 
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If the primitive earths are five in number,, 
then the preceding paragraphs, exhibit the 
formulae of all thofe lpecies that can poffibly a- 
rife from their various combination ; and to 
which, adding the five fimple earths, we fhall 
find the amount to be thus, 5+20+60+120 
+ 120=325, the amount of the whole. 


§ cxliv. Further Explanation of the Formula. 
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§ cxliii. Amount of the Species. 


I have fo contrived thefe formulae as to make 
it evident to what genus every combination is to 
be referred.— The firft letter determines the 
character of that genus, s only excepted ; as, 
though it exceeds in weight, y.et its other qua- 
lities do not always prevail, (§ 89.) 

If at any time the number of the primitive 
earths is diminiflied, whether by decompofing 
them into others more fimple, or by difcovering 
them to be of a metallic nature, yet the fame 
formuke may be preferved after making the ne- 
cefiary correction. 

For example, Suppofe p were referred to the 
third clafs, the quintuple formulae, (§ 142.) 
would then become quadruple, that feries being 
deftroyed entirely where p begins, and from all 
the others would it be taken away. In this cafe, 

we- 



we lofe the whole of the firfl genus, and the 
Tame formulae are-repeated four times in each of 
the remaining genera, and conftitute one fpecies 
only; fo that V =6 fpecies is of each genus and 
4x6=24 the number of all the quadruple fpe- 
cies. 

Let us take another example, and remove al- 
together a, the formulae of that genus are imme- 
diately annihilated, and the eighteen in the 
three other genera are reduced to 2X3=6. 

In the fame manner, that the corre&ions are 
made in the -formulae of the laft order, can they 
be applied to thofe preceding. -For it is evident 
that in reducing quadruple to triple fpecies, it 
is impoffible when p is deftroyed, that the re- 
maining feries fhould be quadruple, and are 
therefore to be removed entirely. 

Let n reprefent the number of primitive earths, 
and the number of the double fpecies beexpref- 
fed by n. n. — 1. of triple fpecies by n. n — 1. 
n — 2, of quadruple fpecies by n. n— 1. n — 2. 
-n — 3, and that of the lalt order by n. n — 1. 
■11 — 2. — n — n — 2. 

§ cxlv. Species of Metals. 

Having determined thefe points, we now 
proceed to the third clafs, in which, on account 
of the greater number cf genera, we ihall find 
the fpe.cies alfo to be far more numerous. 

,S 3 Metals 
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Metals occur generally either complete, mir 
neralized, or deprived of their phlogifton. 

§ cxlvi. Native Metals. 

Whatever poffeflesa complete metallic form, 
is denominated native. 

Into this Hate no heterogeneous fubflances are 
admitted, unlefs they are perfe&ly metallic. 
Hence arife various fpecies; — the metal native 
and fimple; — combined with fome other; — or 
with feveral together. Native Ample metals 
are very rare, and, as far as I know, have 
never yet been difcovered perfectly pure. 

Moil metals are occafionally found native, as 
gold, platinum, filver, quick-filver, copper, 
bifmuth, niccolum, arfenic, cobalt, and anti- 
mony ; but fcarce anyone of them occurs quite 
pure. Gold is mixed with filver or copper; fil- 
ver with gold or copper; platinum w r ith iron; 
niccolum and cobalt with arfenic as well as iron; 
antimony with iron or zinc ; and further expe- 
riments will without doubt dilcover other com- 
binations. 

The exiftence of native lead, iron tin, and 
zinc has been always much queftioned by ma- 
ny- 

Magnefium and fiderite have never yet been 
found in a native ftate. 

6 cvlvii. 
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§ CXLVII. 

A mineralised metal appears to me to be 
a metal intimately united with fome foreign fub- 
ftance that deftroys more or lefs the genuine 
metallic form. 


§ cxlviii. Miner alijing Subjlances 
Such are fulpher and acids. 

Metals mineralifed by Sulphur. 

Sulphur can be diredtly united with all the 
metals, except gold, platinum, and zinc; and 
thefe mineralifations are found in the bowels of 
the earth. Sulphurated tin alfo occurs in Si- 
beria *. 

Some mineralizations are affected, both as to 
character and appearance, according to the 
quantity of fulphur. Tin, combined with twen- 
ty hundred parts of fulphur, forms a minerali- 
fation, wdiite and fibrous; but, with twice that 
proportion, the compound is micaceous, and of 
the colour of gold. 

Sulphur adting on perfect metals feparates a 
portion of their phlogifton ; and is even capable 
of uniting with many calces likewife. 

S 4 The 

* Eflays, vol. iil. p. 158. 
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The combination of gold with fulphur, by the 
intermedium of iron ; is not yet made, fufficient- 
ly evident ; for that which is found in pyrites 
feems to be rather mixed than diifolved; as in a 
folution of pyrites, in the nitrous acid, the 
gold is depolited in molecules, not in powder, 
but differing from each other both in iize and fl- 
are *. 

As to zinc, that metal appears in the pfeudo 
galena to be juined T with fulphur by means of 
iron. 

§ cl. Miner alijing Acids. 

Of mineralifing acids there are feveral, as the, 
vitriolic, muriatic, phofphoric, aerial, and pro- 
bably the arfenical. 

Vitriols. 

Vitriols of copper, iron, and zinc, are the 
fpontaneous productions of nature. Combina- 
tions of the fame acid with lead, niccolum, and 
cobalt, are likewife fometimes found ; and they 
jfeem generally to be the refult of decompofed 
mineralifations. 






$ CHI. Metals mineralifed by the Muriatic Acid. 

The muriatic acid is more rarely found unit- 
ed with metals. As yet it has not been difco- 
vered in any other than lilver, quickiilver, and 
copper. The two firit contain with it the vitri- 
olic acid likewife *. 
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§ cliii. Metals mineralifed by the Aerial Acid. 



The aerial acid is often prefent in calciform 
metals. We meet with it in lead, copper, iron, 
and zinc. Of its connexion with other metals 
we have no certain intelligence. 




1 
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§ CUV. Metals mineralifed by the Phofphoric Acid. 

Of all the acids, that of phofphorus is the 
fcarceft, and has hitherto been found with a 
fpataceous kind of lead only. 

§ clv. Metals mineralifed by the Arfenical Acid. 

The arfenical acid, if I miftake not, is the 
true menftruum of the red cobalt, that is fome- 
times beautifully cry ftallifed. It is certain, that 
a red colour is owing to an acid, and that, from 
all the experiments as yet made, no other has 
been difcovered. 

i i 
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§ cl vi. The different Species of Metals admit of 
almoft numberlefs Variations. 

Whoever confiders, that we are acquainted 
already with lixteen metals, and that of thefe 
the greater number of the perfedt can be in fe- 
veral ways combined together, as well as thofe 
mineralifed by fulphur and various acids, will 
naturally expect that, by means of accurate ana- 
lyfes, many more fpecies might be difcovered, 
w r hich have as yet probably efcaped the re- 
fearches of the laborious philofopher. Were we 
to purfue the plan applied to the earths, (§ cxliii.) 
the number would be really aftonifhing ; but I 
am almoft of Pliny’s opinion, who fomewhere 
confeffes : “ Mihi contuenti fefe perfuaiit re- 
“ rum natura nihil incredibile exiftimare de ea.” 
Formulae, indeed, point out to us what may be 
done; but whether, and where, they are employ- 
ed, muft be learned from a faithful analyfis ; 
which affifts us, befides, better to underftand 
thofe of them that prefcribe the true limits ta 
our inveftigations. 


§ clvii. Spiecies of Fblogijlic Subjlances. 

The fourth clafs is exceedingly poor both in 
genera and fpecies. 



§ clviii. 
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§ clviii. Species of the Diamond. 

We are acquainted with many differences of 
the diamond, but with none that are fpecific. 

§ clix. Species of Sulphur. 

i 

The fpecies of fulphur are diftinguifhed by 
the diverfity of their acids, and we know of two 
only ; the common formed by the vitriolic acid, 
and plumbago, containing the aerial acid fatura- 
ted with phlogifton. 


§ clx. Species of Petroleum. 

The varieties of petroleum, in colour and te- 
nuity, depend for the molt part on the degree 
of exficcation, and on the matrix or heteroge- 
neous fubftances mechanically mixed with it ; fo 
that they can be confidered but feldom as fpe- 
cific. Exficcation produces a mafs thick and 
tough, or folid and dry. 

5 clx i. Amber. 

The fame obfervations nearly will apply to 
amber. In refpeft of tranfparency and colour, 
we meet with many varieties in the European 
fpecies. 

The 




The Indian fpecies agrees in all thing with 
the European, except its being fofter, and want* 
ing the volatile fait*, which laft circumftance 
feems to eftablilh a fpecific difference. Copal, 
commonly fo c idled, is to be diftinguifhed from 
the gum refin of that name fold by the apothe- 
caries. 

$ clxii. Origin of Phlogijlic Subfiaiices. 

Different opinions are maintained by phi- 
losophers, refpecting the origin of phlogiftic fub- 
ftances. Some contend, that thefe bodies are 
proper to the foflil kingdom ; while others, pro- 
bably with more reafon, afcrib.e them to thofe 
organic fubftances which abound in various oi- 
ly and fat juices, and are not fo much aftetfled 
by time, as they are gradually changed in the 
bowels of the earth by neighbouring pyrites and 
other fulfils, until they acquire a bituminous 
quality. Heterogeneous fubftances enclofed 
within them are evident proofs of original flui- 
dity. The different degrees of purity of naptha, 
coagulation performed by time, acids, or other 
media, and various circumliances befides in the 
great laboratory of nature, all influence the den- 
fity, colour, clearnefs and other properties. 

As to ambergrife, Aublet infills, that it is the 
juice of a tree growing in Guiana, and there 

called 




called Cuina. He fays, that after heavy rains, 
large mafles of it are wafhed into the rivers. 
The fpecimens examined by Roffelle are faid to 
referable ambergrife in their odor arid prin- 
ciple qualities *. Long ago, Rumphus makes 
mention of a tree called nanarius, containing a 
juice fimilax to ambergrife. Lately, however, in 
England an opinion has obtained, that this fub- 
ftance is the excrement of a cetaceous fifh. Ob- 
iervations made on the phyfeter macroeepha- 
lus, (the fpermaceti whale) have given rife to this 
Idea, as the excrement in the inteftines of that 
animal, is found on dilfection perfectly harden- 
ed, and containing the beak of the repia octo- 
podia, on which it feeds, and in every refpedt 
refembling the ambergrife of commerce. 

§ clxiii. Species of FoJJUs mixed mechanically . 

Of foffils mechanically mixed, that fall un- 
der coniideration in the firll appendix, we have 
conllituted four genera only, (§91.) their fpecies, 
however, are numerous. 

$ clxiv. The feveral Species expreffed by the 
Formula of Letters. 

Let s denote fait, t earth, m metals, and i 
phlogiltic fubltances; and let the fame local 

value 

* Hill, des plantes dc la Guyane, 1774. 
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value be affigned to thefe letters as in the fort- 
going examples, (§ 138.) and we lhall obtain the 
following double fpecies. 

st, sm, si, 
ts, tm, ti, 
ms, mt, mi. 
is, it, im. 

Triple fpecies. 

stm, sti, smt, sit, smi, sim, 
tsm, tsi, tms , tis, tmi, tim, 
mst, msi, mts , mis, mti, mit, 
ism, ist, ims, its, itm, imt . 

Quadruple fpecies. 

strni, stm, smti, smit, sitm, shut, 
tsmi, tsim, tmsi, tmis, thus, tism, 
msti, visit, mtis, mtsi, viits, mist , 
istm., ismt, itsm, itms, imst, imts. 

§ clxv. Continuation. 

We are, however, not ralhly to conclude that 
all the fpecies are exhaufled in thefe formube ; 
for every letter may be varied in many ways, 
according to the diverfity of the feveral fpecies. 
For example, t can be multiplied more than 
325 times, (§ 1 3 1, 143). I, indeed, prefents 

but 
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but few variations, and s likewife ; as the num- 
ber of the falts proper for thefe mixtures, is ex- 
ceedingly limited ; but t furpaffes even m, 
(j 156) ; fo that we have here another occafion 
of admiring the exhauftible ilories of nature. 


§ clxvi. The Pojition and Jituation of mixed 
FoJjils. 

It is by no means to be expelled ; that every 
fpecies of thefe mixed foffils, which to me appear 
to be petrce, Ihould be equal to the production 
of huge mountains. The greateft number of 
them have hitherto .been found in veins or fmall 
llrata only ; many of which, though of different 
characters, when combined, give birth to rocks. 
The fame may be faid of the feparate particles, 
which, in the aggregate, form large and conti- 
nued ridges of hills. But thefe almoft always 
fpring from the ruins and decompofitions of 
mountains. 

§ clxvii. Species of organic Foffils. 

Organic foilils conflitute four genera, (§ 97.); 
but the feveral fpecies of foilils, whether poffefT- 
ing an organic form only, or with it an organic 
itructure, are diftinguifhed by fpeeific marks. 
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Species of organic FoJJils miner alij- 
ed by Salts. 


Organic foflils, penetrated with faline mat- 
ter, are but feldom found. Gypfum, indeed, 
fometimes contains the lefs periihable remains 
of animals and vegetables ; but thefe fubftances 
are fcarce ever found quite gvpfeeus. Entire 
animals are occalionaly to be met, filled with vi- 
triol, 99.) and ftill oftener the harder parts of 
vegetables, or their roots, feem to refill putrifac- 
tiou by the means of this fait. 


§ clxix. Earths. 

. 1 

The fecond genus, comprehending earthy 
foflils, is by far the richefl. Innumerable cal- 
careous nuclei of fhell fifli and marine infeeds 
daily occur in calcareous flrata. Sometimes, an 
a imal covering, or fliell, which was before cal- 
careous, being changed in its internal texture 
only, become fpataceous. 

Argillaceous nuclei of marine animals are com- 
mon in aluminous fchiftus, but very rare in any 
other bed. Frequently the covering of the a- 
nimalcule ftill remains. 

Marine exuviae are obvious in marie alfo. If 
lime predominates, often the fkeletons alone of 
the fifh are feen. Of Ofteocolla we have alrea- 
dy fpoken fufticiently, § 105. 


Siliceous 
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Siliceous nuclei frequently fill entirely the in- 
ternal cavity of organic foflils, and fometimes 
even the fame matter furrounds their external 
furface. I am in poffeffion of an echnites, the 
fliell of which is filled with common flint, and 
fhews upon the furface of the nucleus all its na- 
tural inequalities ; the fliell itfelf, however is 
calcareous and fpataceous, although it was im- 
beded in filiceous earth on both fides. Small 
fhells occur fometimes in jafper, but very rarely *, 
and are not more frequent in petrofilex. 

Organic bodies, themfelves alfo are found 
penetrated with filiceous matter. Siliceous pe- 
trefactions of the trunks of trees are often dif- 
tindlly marked with the growth of every year. 
Siliceous mufcles and cockles alfo frequently 
occur, and fmall corals even are fometimes clear- 
ly to be diftinguifhsd in common flints. 

I have feen the marks of leaves accurately 
exprefled in quartz, and the epitomium of Blan- 
kenburg is often quartofe. 

Nuclei of fand are fometimes to be met with; 
but the figure of their furface is generally fo ob- 
fcure, that it is very difficult to determine from 
what organic body they were produced. 

In the fand pit at Maeftricht was found not 
long ago the ikeleton of a crocodile, fome teeth 
of which were fent to me. 

T 

* Ferber Epift. de Italia, 
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§ clxx. Species of organic Fojfils impregnated 
with metallic Particles. 

Very few metals affume an organic form. 
The calx of iron, but flightly cohering, or con- 
creted like a done, penetrates roots, wood, and 
even whole trees, p'referving ftill the fibrous 
texture, which may fometimes be fcraped with 
the nail. 

Pyrotaceous iron, indeed, now and then forms 
nuclei ; but it commonly adorns the organic 
ftrudure with lines or little fpots, and feldom 
occupies it entirely. 

Copper, in the form of a calx is fuppofed fre- 
quently to enter into bones and teeth, giving 
them a blue colour, efpecially after they are 
calcined. This colour, however, is often ow- 
ing to iron. 

Pyritaceous copper alfo refembles the anomia 
in the magnet of Iarlfberg in Norway, and fiihes 
in feveral places. 

Spots of native gold or filver are fometimes 
feen on the furface of foffil fliells. 

The grey ore of filver at Frankenthal in Hefie 
is found in the form of ears of corn, and com- 
monly called kohrn-ahren ; and under the ap- 
pearance of leaves and ftalks of fome granife- 
rous vegetable. 

Cinnabarine fhells are exceedingly rare. 


I 





I have in my pofieffion fome pfeudogalena of 
a blaclcifh yellow, united to millepores. 

§ clxxi. Species of Phlogifticated organic Fofjils. 

Wood impregnated with petroleum frequent- 
ly occurs. There is a trunk of a tree in the col- 
lection of the academy at Upfal, indurated with 
petroleum, black and fmooth, and yet eafdy 
diftinguifhed to be of a beech. The Icelandic fof- 
fil wood alfo comes under this head, of which 
I have fpoken more fully in another place *. 

Bones penetrated with afphaltus are fome- 
times found. 

As is foflil wood likewife, whofe pores are fil- 
led with amber, and even with infe&s and other 
frnall animals; which this fubftance does not on- 
ly penetrate, but even furrounds, as a fplendid 
monument covering their remains. 

Turf and mould contain organic bodies, efpe- 
cially of vegetables reduced in the greateft part 
by putrefaction to duft ; but which difplay ligns 
of their original ftructure and character, more 
or lefs obfcure. The firft fcarce differs from the 
latter but in the greater decompofition and den- 
fity of its mafs. 
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Ordinary Confujion cf Varieties with 

Species. 



That many varieties have been obferved in 
fpecies properly determined is the more evident, 
as they have, for the molt part, been conlidered 
as different fpecies. A miftake to which the 
practice of the mineralogifts in determining fpe» 
cific differences from external marks undoubted- 
ly gave rife. 

§ CLXxni. Criteria of Varieties to be taken from 
external Appearances. 

In the foregoing, we have fliewn that fpecific 
marks were to be taken from the particular com- 
pofition ; but although fuperficial criteria do not 
affeft the intimate nature of thefe bodies, yet 
they are not by any means to be negle&ed ; 
they are well calculated to determine varieties, 
and are even ufeful, not only in leading often a 
lkillful eye to proper diacritic experiments, but 
in throwing light upon the mode of production, 
and other interefting circumftances. 
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S clxxiv. Illujl ration of external Marks . 

The chief external marks are thofe taken 
from the form of the outward furface ; the tex- 
ture, i l the appearance of its particles by a re- 
cent fracture ; the colour, hardnefg, and gravi- 
ty* 

§ clxxv. Amorphous Fojfils. 

Fossils that have no determined fhape are 
denominated amorphous. 

§. clxxvi. ChryJlaUine FoJJUs. 

But thofe whofe circumference is included 
within plain lides meeting each other at various 
angles are called cryftalline. 

In the foffil kingdom, we have five regular geo- 
metric figures, of plain, equal, and fimilar 
fides; as the tetraedra, cubes, octaedra, dode- 
caedra, and icofaedra ; befides many others dif- 
tinguifhed by their prifmatic columns and py- 
ramidal terminations. In what manner the great 
number of derivatives arife from a few prima- 
tives, and differing from each other at the firft 
view, I have related elfewhere *. 

Salts, indeed, on account of their folubility 

T 3 
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in water, more readily acquire a fubtilety and free- 
dom of their particles, which, through the means 
of attraction, is neceflary to form them into cry- 
ftalline concretions ; but this property is not limit- 
ed to them, as cryllalline foffils are found in al- 
moft every genus of earths, metallic, and phlogif- 
tic fubllances. 

§ clxxvii. External Marks taken from the 
Texture of Foffils. 

The texture of foffils is not eaffiy determined 
by the form of the particles ; as when they are 
intimately combined with each other they are 
always mutilated by fractures; we may, how- 
ever, diftinguiffi many varieties. The molt fub- 
tilejffiapelefs molecules ufually called impalpable, 
give rife to an equal texture : while others larg- 
er, and more difcernable produce a granous, fi- 
lamentous, fcaly, and fpataceous compofition. 

5 cLXXVin. From the Colour. 

Colours, efpecially the gradual tirades of 
them, can fcarce be fo deferibed by language, 
as to convey any clear idea, Hardly any other 
method, therefore, than that of comparifon can 
be ufed by always referring to thofe colours fuf- 
ficiently underftood. 

h CLXXIX. 



§ clxxix. Pbyfical Marks. 


Physical marks alfo, as hardnefs and gravi- 
ty, are to be employed for afcertaining varieties, 
whenever they are found to throw any light. 

§ clxxx. Varieties of organic Foffils. 

The varieties of organic foffils are to be deter- 
mined from the fpeciesof vegetables or animals, 
which ferve as guides to our judgement. And 
all living bodies being defined by their external 
appearance, the fame rule may be obferved in 
this as in the other daffies. 

§ clxxx i. Epilogue. 

A system of foffils, arranged according to the 
foregoing method, I think is to be recommend- 
ed for its variety, order, and utility ; for the 
number of fpecies and varieties, the manyfold 
combinations of principles, the feries of agree- 
ment and difcrepancy,the harmony and oppofi- 
tion of internal and external characters, and many 
other important reafons : And I hope it will be 
found to anfwer better, not only on account of 
its extenfive view, but alfo becaufe the riches 
and phenomena of the organic kingdoms are in 
it more properly difplayed than in any other. 

T 4 § clxxxi. 
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LATTER PART. 

Of giving Names to Fossils. 

§ clxxxii. The Utility of Names properly adapt- 
ed in Mineralogy. 

If foffils are rightly and juftly arranged and 
denominated, agreeably to the nature of things, 
we find a harmony in them not lefs grateful 
than advantageous. 

' . 

§ clxxxiii. Hijlory of Names in Natural Phi - 
lofophy. 

The fciences cultivated during the early a- 
ges, as chemiftry, and all thofe depending on it, 
had unhappily adopted certain fchemes and 
modes of fpeech, of which the greater part were 
not only puerile and abfurd, but often altoge- 
ther falfe, and leading to erroneous conclufions.' 
Many circumftances contributed to the fupport 
of this mummery. At firft, in thofe days of 
darkeft ignorance, names were required to de- 
fcribe new difcoveries and phenomena, adapted 
to the unlkilfulnefs of their authors. By de- 
grees the knowledge of natural bodies, as well 
as of artificial, being extended, the profefiors of 
chemiftry began to entertain fuch lofty ideas of 

their 
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their fkill, that they did not hefitate to promife 
themfelves the miracles of an univerfal medi- 
cine, and the making of gold Hence arofe 
the ridiculous druggie betwixt the immoderate 
Loadings, through which they were endeavour- 
ing to difpofe advantageoudy of their difcove- 
ries, and the mod felicitous attention with 
which they wilhed to keep them concealed. 
What the names they employed could he, 
when depending on the mod abfurd theories, 
the flighted appearances, and mod abflrufe me- 
taphors, we are at no lofs to apprehend. To 
thefe were added afterwards others produced by 
any fortuitous flight occurrence ; and we per- 
ceive in feme meafure a language peculiar to 
the early operations of chemidry» 

* . „ " • ' J * 

§ clxxxiv. Of reforming the Navies of Fojfils. 

t 

The inditution of academies of fcience gave 
rife to the gradual introduction of a founder 
theory, founded upon more accurate experi- 
ment, which tended confiderably to. limit the 
barbarous and mydical affectation of lecrets; and 
occafioned a more rational denomination of new 
difcoveries, though as yet not built upon gene- 
ral principles. Befldes, the rude and indigeded 
mafs of antiquity was dill preferved for the 
greated part, and chiefly for the following rea- 
sons. From the reformation of names and 
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phrafes, it was apprehended that the whole 
fcience would be involved in great confulion, 
and that their number would create conlklera- 
ble difficulties ; and it was likewife alledged, 
that the molt ancient writings would, by this 
means, be rendered unintelligible, and all the 
fcience they contained condemned to oblivion. 
But fuch evils, at lead not all of them, feem not 
to be a neceffary confequence. The oldeft 
writings, efpecially thofe on alchemy, are almoll 
all of them incomprehenfible : Whatever there- 
fore will anfwer to probable conjecture, or w’ill 
admit of a certain and determinate explication, 
might be more eafily underftood, if tranfpofed 
according to the nature of the fubjeft, — and the 
fenfe of this or that denomination being once 
extra&ed, it might be preferved in a book ap- 
propriated to the purpofe, As to what relates 
to the dread of the introduction of new names, 
it would undoubtedly be well grounded were 
not all writers to fuffer them to be regulated in 
the fame manner. In this cafe the new names 
adapted to the nature of things would readily 
infinuate themfelves, and be univerfally receive 
ed. 

Surely, it is highly improper that the noblell 
fcience, w'hich conftitutes, as it were, the very 
eflence of natural philofophy, fhould deliver 
truths of the greateft importance in the moll 
abfurd of all languages. Every country in Eu- 
rope 
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rope has thought the cultivation and perfection 
of its peculiar language an object highly worthy 
of attention; and {hall the fciences alone be dif- 
tinguilhed for rudenefs and barbarity of (tile, 
while they are daily requiring new names to ex- 
preis new difcoveries contracted upon rational 
principles ; and which, if they are not all wifely 
and methodically ordered, would fometimes by 
their number occafion the detraction of thofe 
very difcoveries they were intended to preferve. 
In botany, fuch a reformation has long taken 
place ; and what is there that fhould prevent 
fo falutary a plan from being extended to the 
other fciences ? 

But notwithtandirig the obvious neceffity of 
reform, as well as of fome fixed ftandard, accord- 
ing to which all the new names fhould be regu- 
lated, there are Hill many difficulties that op- 
pofe their free introduction into the republic of 
letters. From the very nature of the propofal 
it is expofed to the influence of particular opi- 
nions ; and every one, partial to. his own, and 
chufing different data, it will be impoffible in 
the beginning at leaf!, to unite, in one common 
confent, fentiments fo adverfe and contradicto- 
ry. We are not however to defpair; for, if the 
voices of all do not combine, perhaps the grea- 
ter number will, to ftiffie the clamour of per- 
fifling cavillers. Every real friend to chemif- 
try, therefore, fhould wifh for a happy iffue to 
' the 
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the plan of Monf. Morveau, to be attempted irt 
the new Encyclopaedia. In the mean time, it 
may be permitted me to offer a few curfory re- 
marks, which I think are relating particularly 
to mineralogy, and fubmit them to the judge- 
ment of the public. The end of the whole fyf- 
tem is doubtlefs to exprefs with truth, perfpicu- 
ity, precifion, and brevity, every thing of which 
an idea can be conveyed by words. New names, 
therefore, become neceffary to new things ; and 
to render thefe the moil; convenient is the chief 
aim and objedt of this undertaking. 

§ c lxxxv. Names that are evidently abfurd, and 
ought to be expunged. 

I am of opinion, that all abfurd names, and 
fuch as betray oftentatious vanity, are to be en- 
tirely fet afide. Of thefe we have examples in 
the fal mirabile Glauberi, fal fecretum Glaube- 
ri, fal polychreftum Glaferi, arcanum corralinum, 
arcanum duplicatum, fal de duobus, and feve- 
ral others. 

§ clxxxvi. Andfalfe Names likewife. 

In like manner, names that are falfe ought to 
be removed. Of this defcription are the follow- 
ing, fuggefting ideas that are erroneous : 

Oleum 
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Oleum vitrioli 

Spiritus vitrioli 

Oleum tartari 

Sal tartari 

Terra foliata tarta- 
ri 

Butyrum antimonii 
Semi-metallum 
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f Concentrated vitrio- 
lic acid. 

Diluted vitriolic a- 
cid. Spirit indicates 
properly an inflam- 
mable liquor mifcible 
with water. 

Vegetable alkali dif- 
I folved by deliquef- 
cence. 

Alkali of tartar. 

Acetous acid fatura- 
ted with the vegeta- 
ble alkali. 

Muriatic acid fatura- 
ted with antimony. 

Fragile metal. 


§ clxxxvii. What then are the names Jo be a- 
dopted ? 

Those names which indicate fome effential 
property or compolition are of all others the 
belt. 

§ clxxxvii 1. What are the Names to be tolerated ? 

Those which admit a more extenfive iignifi- 
cation may be fuffered, if others evidently bet- 
ter cannot be fubflituted. And thefe indeed 




are 








are true names ; for although, from the power 
of the words, they will apply to many fubftan- 
ces, nothing prevents them from being *ar’ espw 
applied to the one or the other. In this way 
acidum aerium was ufed in the year 1772, for 
aer fixum ; which is not abfolutely advancing a 
falfehood, as it polfefles a proper acid, and in 
an aerial form ; but it is objectionable, becaufe 
thefe qualities are difcoverable in other fubftan- 
ces. Let therefore fome other denomination be 
fubftituted more exact and determinate, as, gas, 
or acidum mephiticum, or elfe there will be no 
end to the various changes. But if it be impoffi- 
ble to find one more accurate, it will be attend- 
ed but with little inconvenience, to apply it to 
that fubftance which we know for certain to be 
the acidum aerium of the antients. 


§ clxxxix. Names fignifying lefs than the Thing 
defined ought to be abolifloed. 

Whatever names exprefs too limited a fenfe 
fhould certainly be expunged, if a choice can be 
made among thofe that are fynonimous, efpeci- 
ally thofe recommended by long time ; as they 
convey falfe and inadequate ideas. Thus mine- 
ral indicates properly an ore ; but in the vul- 
gar fenfe it fignifies every inorganic body found 
in the bofom of the earth ; although this idea is 
more accurately exprelfed by the word fojfil. 

In 






in like manner, oryclologia implies a more exact 
denomination of the fcience of follils than mine- 
ralogia. PetrefaSlum or petrificatum, falls near- 
ly under the fame criticil'm. But as here we 
have no better fynonimous word to fubftitute, 
w r e mull be contented with fuch as cuftom has 
eftabliihed. Words, like coin, owe their cur- 
rency to prefcription. 

S cxc. How we are to proceed without proper em- 
phatic Names. 

As it is not ealy to apply names exactly 
expreltive of the thing defined, we are to 
adopt fuch as having no determinate meaning 
may have their fenfe afcertained by definition. 

§ cxci. Names derived from the Authors of new 

Hifcoveries. 

Among botanifts and anatomifts the memo- 
ry of difcoverers is perpetuated in particular de- 
nominations ; it may, therefore, be a queition, 
whether among chemifts, where the reward of 
new fads is attended with greater inconveni- 
ence, it would be proper in the fame manner to 
teftify a grateful fenfe of obligation? Tome, 
indeed, it feems to be pradicable, and without 
any impropriety ; but as it often happens, that 
the fame difcovery has been made by different 

, individuals 
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individuals at the fame time, it might, upon the 
whole, be better to trull the fame of all, to the 
impartial records of the hiltoric page. This ex- 
ception, however, need not extend to names of 
little importance in chemiltry. 

5 cxcii. By what Means are the Claffes of Fof- 
fils to be defined ? 

Each clafs of folfils fhould, if poffible, be de- 
fined by one fingle v r ord. Such as, — Salts, 
Earths, Metals, and Phlogiltica. True, indeed, 
the lalt is an adjective ; but on this account fole- 
ly it is not to be rejected, as we ihall prefently 
Ihew : Nor, indeed, have we reafon to appre- 
hend ambiguity from the ufe of it, as the con- 
text will always determine whenever it refers 
to folfils. If any one Ihould think the word 
hitumina preferable, I can have no objections ; 
although it may appear extraordinary to many 
to confider diamonds under this definition. 

For want of a more pi'oper appellation, I dif- 
tinguilh folfils mixed mechanically under the 
name of Petrae. My reafons for this diltindtion . 
I have given already in § 1 66. Thofe, however, 
that form the fubjedt of the other appendix, as 
organic folfils, can fcarce be defined under one 
title, and we mull therefoie either employ two, 
or call them in general Petre factions, § 189. 

§ cxcin. 


OF FOSSILS. 


§ cxcni. Denomination of Genera . 

Each genus fhould be exprefied in one word, 
fbr the fake of brevity and convenience. 

Among the falts there are, ftri&ly fpeaking, 
but two genera ; the acid and the alkali. And 
we fhall fee by and bye the great advantage this 
produces, that the combinations of every acid 
conftitute proper genera. An acid may be con- 
fidered fubftantively without the neceffity of 
having the word Salt prefixed to it, as every a- 
cid is a fait. 

In the fecond clafs we have found five gene- 
ra. One of which, but lately difcovered, has, 
on account of its fpecific gravity, obtained the 
name of Terra Ponderofa. But in order to ren- 
der it more concife and convenient, the firft. 
word might be eafily omitted, though always 
underftood, and the laft employed alone as a 
fubfiantive ; or we would, with Monf. de Mor- 
veau, adopt Barites from /v* with great advan- 
tage. The remaining earths are all exprefied 
with fubfiantive names ; but for the fake of per- 
fpicuity, I would yet recommend feme alterati- 
on in them : As for example, Calx, Magnelia, Ar- 
gilla, and Silex, are defcriptive offoflils, fuch as 
they occur on the furface of the earth, blended 
more or lefs with heterogeneous matter ; and 
therefore the words Caicaieum, Magnefium, 
U Argillaceum,, 
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Argillaceum and Siliceum, might be properly u- 
fed to fignify thefe fubftances pure and unmix- 
ed. 

The names of the fixteen metals are ail fub- 
llantives, and except one, are of the neuter 
gender. The of the Greeks was tranf- 

lated into Latin by Pliny hydrargyrum, and why 
may not th zplatina of the Spaniards be adopted 
into the fame language, with a neutral termina- 
tion ? According to this propofal, we fhall have the 
following generic names, aarum, platinum, argen- 
tum, hydrargyrum, plumbum, cuprum, ferrumjlan- 
neum, vifmulum, niccolum , arfenicum, cobaltum, zii- 
cum, antimonium, magnejium, and fide rum, if this 
laft differs at all from iron. Each of them are to 
indicate the metal in its complete ftate. De- 
phlogifticated metals, commonly called calcin- 
ed, or metallic calces, referable indeed, in 
feme meafure, burned chalk, from their attrac- 
tion of the aerial acid, from their becoming cau- 
ftic with the volatile alkali, their fufeeptibility of 
pulverifation, and other properties. 

Of phlcgifiic bodies, the generic names are fo 
Well cenfiructed that we have no remarks to of- 
fer upon them : Adamasfulphur, petroleum, and 
fuccinum, are received with propriety. 

The four genera of petree 1 define by the fol- 
lowing names. The firft, abounding in faline 
matter, I call falfamentum ; the fecond, loaded 
"with earthy matter, appears to me to be proper- 
ly 
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ly fdxum; the third, containing metals in their 
matrices, I denominate miner a; and the fourth, 
from the mixture of petroleum, or other phlogi- 
ftic bodies more plentifully found in it, takes 
the name of bitumen; or, if this name be given to 
a clafs, picarium may be fubftituted. 

Of the organic fjffils, that which is penetrat- 
ed with any fait may be called falitura ; with 
earthy particles, lapidojum j with metallic, vie- 
talliferum; and with phlogiltic,/>o//i«6 c ?«/7z. Should 
names more proper than thefe occur to any per- 
fon I fhall have no objection to withdraw them. 


§ cxciv. Of applying Names to the Jimpler Foffils, 
and efpecialiy to the Salts. 

All bodies, whofe proximate principles have 
never yet been afcertained by art, require fim~ 
pier names; the primitives efpecialiy lhould be 
exprelled by one word ; and thofe of a known 
compofition fhould be defined by derivatives 
having a reference to their principles; if not of 
one or two words, confuting at the molt of 
three. To denote each body by a peculiar Am- 
ple name would be productive of great incon- 
venience, and be an ufelefs burden to the me- 
mory. It might however be of confiderable 
advantage to the fyftem of nomenclature, in the 
clafs of falts, if every one of the Ample falts 
could be indicated by a Angle word. Would it 
IT 2 not 
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not therefore be admiffible, by fuppofing the 
acid to conftruct the names as fubftantives ? As 
for example, vitriolicum, nitrofum, muriaticum, 
regalinum, fluoratum, arfenicale , boracinum , fac- 
charinum , oxyalinum, (inherent in the acid of the 
wood forrel) tar tar um, benzoinum, citrinum, fuc- 
cineum, galaclicum, formicale , febaceum, phofpho- 
reurn , and aereum. Phlogifticated vitriolic acid 
might be named fulphureum, and phlogifticated 
nitrous acid nitreum. In like manner, in the 
genus of alkalies, the vegetable will be potaffi- 
num ; the mineral Jiatrum, a name by which it 
has fometime been already known; and the vo- 
latile will be ammoniacum. The great advan- 
tage of this fimplicity, as we fhall fee prefently, 
will be obvious in giving names to compounded 
fubftances ; which, if they conftft of more than 
two or three words, will give rife to a dilFule and 
circuitous ftile, both in fpeaking and writing. 
All names certainly proceeding from the defi- 
nition of l'everal words are by far the moft im- 
proper. 

§ cxcv. Names cf Species demonjlrated in the 
Cafe of Salts. 

Specific differences, that can ferve as di- 
ftinct names, are ufed with confiderable advan- 
tage. Admitting what has been already pro- 
pofed in the preceding paragraph, this very ea- 

filv 



OF FOSSTLS. 


S G * 


Illy obtains in the clafs of falts, as to all the fpe- 
cies perfectly faturated. That earthy-and me- 
tallic falts ought to be arranged under the head 
of their menftrua, we have feen in § 70. ; but, 
with refpedt to the perfect neutral falts, it is not 
fo clear, § 68. It feems indeed more conveni- 
ent to refer them to the genera of their feveral 
bafes ; and in this way alfo I have proceeded. 
But we fhall have more agreement with the a- 
nalogical falts, molt of which are properly af- 
figned to the acid, if the neutral falts are fub- 
jected to the fame arrangement. According to 
this method we lhall have names luificiently apt 
by combining the acid w r ith the adjective of the 
balls. As for example, 

Vitriolicum potallinatum, 


for 


Nitrofum natratum, 

Muriaticum ammoniacum, 

Acetum potallinatum, 
Vitriolicum calcareatum, 

— magnefiatum, 

argillatum, 

Nitrofum barytatum, 

• argillatum, 

Muriaticum barytatum, &c. 

U 3 


Tartarus vitrio- 
latum. 

Nitrum cubi- 
cum. 

Sal ammonia- 
cus. 

Terra foliata 
tartari. 

— Gypfum. 

Sal catharticus 
amarus. 
Alumen. 
Barytes nitra- 
tus. 

Calcareum ni- 
tratum. 
Barytes muri- 
aticus. 

Metallic 


4 
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the fame manner ; as, 


Vitriolicum auratum, &c. 

Nitrofum argentatum, &c. 

Muriaticum plumbatum, &c. 

Arfenicale cobaltatum, &c. 
and many others. 

N o one can objed to thofe adjectives derived 
from the names of the metals, as Pliny ufes the 
word f erratum ; and it is according to this plan 
that they are here applied. 

Analogical falts, containing an alkali, may be 
eafily arranged in the fame manner. 

Thus, 


Potaffinum 

Argentatum. 
Cupratum, 
Zincatum, &c. 

Double falts, in which either principle pre- 
vails can alfo be denominated in fuch a manner 
as to exprefs an impeded faturation, § 127. 
For example, — Tartar, with an excefs of acid, 
can be defined by a combination of its generic 
name with the genitive of its bafe, as tartareum 
p tajfmi ; but, when perfectly faturated, may be 
called tartareum potajfinatuvi. In like manner 
we fhall have oxalinum potajfmi , but, when ex- 
actly faturated, it will be oxalinum potajfinatum ; 
vitriolicum natri , and vitriolicum natratum ; na- 
trum boracini , and boracinum natratum j and fo 
on of others. 


Ammoniacum 


t Ar 
-2 Cu 
( Zii 


This 
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This method, however, is not applicable in o- 
ther claffes, not even to the double fpecies. Sa- 
line earths, with fuch an excefs of earthy matter 
as nearly to obliterate their faline character, 
ought thus to be expreffed. 

Barytes vitriolatus, for Spatum ponderofum. 
Calcareum fluoratum, — Fluor mineralis, 
Calcareum aeratum, — Calcareum vulgare. 

The character of the remaining foffils differs 
more confiderably from the falts, and requires 
auxiliary illuflration. 

§ cxcvi. Trivial Names of Salts. 

Fossils, containing three or more principles 
appear capable of the clearelt definition by 
means of the trivial names. The celebrat- 
ed Linnseus firfl made ufe of fuch, in his Spe- 
cies Plantarum of 1753, by which every fpecies 
could be conveniently expreffed, without a repe- 
tition of the fpecific differences. The language 
of botany became thus remarkably eafy and in- 
telligible ; and zooligifts and mineralogies have 
to thank the fame author for the happy intro- 
duction of them into their fciences.— But, al- 
though thefe names may be affumed from the 
inventor, fome virtue, ancient appellation, pro- 
perty, or accidental circumftance refpedting the 
fpecies ; yet fbould they be generally limited to 
one word, and very feldom indeed extend to 
two. , They may be confidered as furnames dif- 
U 4 tinguifhing 
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tinguifhing the individuals contained in the 
fame genus. 

The triple falts are, by means of thefe trivial 
names, denominated with great facility. Of 
which we have the following examples : 


Vitriolicum fallax 


epilepticum, 

Muriaticum anti-epilep- 
tic um, 

alembrot, 
duice, 


Gala&icum Eartoleti, 


Tartarum Seignetti, 
■ Lafonii, 


folubile. 


Mynnchti *, 
martiale 


Phofphorum microfmi- 
cum, 


Sal microcofmicus 


Compound 


Eflays, vol. i. p. 340. 


Tpfom fait united to 
the volatile alkali; 
eafily producing 
an apparent ine- 
quality of attract. 
C Epileptic fait of 
l Weifman. 

1 Anti-epilepticum 
-J puerorumofBoer-; 

( haave. 

- Sal alembrot. 

■ Mercurius dulcis. 
r Sugar of milk, firlt 
-< defcribed by Bar- 
C toletus. 

C Sal polychreltum 
l Seignetti. 

C Tartar joined to the 
£ fedative fait.’ 
Tartar la turated with 
volatile alkali, — 
commonly called 
tartaius folubilis. 
Tartarus emeticus. 
Globuii martiales. 
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Compound falts, produced by regalinum (a» 
qua regis) never become triple, at lead not all 
of them. The nitrous acid teems to be neceffa- 
ry for the purpofe of dephlogiftrcation only ; and 
the muriatic generally exhibits the fame combi- 
nations as the regaline, by which, if the muria- 
tic is not in fufiicient quantity, a double fait is 
obtained, charged with the nitrous acid, 

The fame oblervation is equally applicable to 
the quadruple falts. 


Tartarum Fevri, — 

Nitrofum Kunckelii, — 
fympathicum, — 


T artar united to bo- 
rax, 

Rubini Kunckelii. 
Sal ammoniac with 
nitrated copper. 


This fait exhibits cryftals, that aflume a yel- 
low colour when heated, but become blue in a 
moderate temperature. If a folution of them 
fufficiently diluted is ufed for writing, the let- 
ters will be found to difappear entirely, by the 
application of heat ; and, if expofed to the va- 
pour of cauftic volatile alkali, to change to a 
beautiful blue colour. 

Thus, then, 1 have pointed out a method, as 
I apprehend, both eafy and limple, by which all 
the known falts, about fifty in number, may 
be each denominated in one or at moll in tw r o 
words. — According to the firft divifion, we have 
the genus only. — Of the fecond, the double falts 
completely faturated are indicated by the ad- 
jective of their bafe ending in at us. In the 
third, the imperfect falts are known by the 

genitive 
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genitive of their bafe. — The fourth contains the 
triple falts and thofe of feveral principles, which 
are exprefied by the trivial names ; and as in 
them we neither find the adjedtive of the bafe 
atus, nor the genitive, it is not poffible that any 
ambiguity can arife. — The whole compofition of 
the triple falts could not be fignified in two 
words, unlefs the double falts were defined in 
one only ; and if the fame brevity were expedt- 
ed of the quadruple, the triple mull have necef- 
farily been denominated by one. But it may be 
a queftion, whether it is more difficult to, invent 
fuch a number of new and fimple names, or, if 
invented, whether they could poffibly be retain- 
ed by the memory. 


5 cxcvn. Of the Specific Names of Earths , Me- 
tals, and Phlogifiic Subfiances. 

If W'e confider every thing that has been faid 
in the foregoing fedtions on the fubjedt of the 
falts hitherto known and inveftigated, we fhall 
find, that we have in fome meafure laid the 
foundation of a general fyftem of mineralogy. 
With regard to the earths, and the following 
clalfes, the denomination of the double and 
more compounded fpecies may be conveniently 
expreffed by the trivial names in two words. 
Thus, for example, under the genus magnefia, 
a fpecies occur, in the formula, fmca, compofed 

of 
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of filiceous, calcareous, and argillaceous earth, 
with fome admixture of iron *, which in fyde- 
matic authors is denominated albedos, and treat- 
ed as a peculiar genus. To this, indeed, the 
trivial name of afbedos may be properly applied, 
as it feems to be fo well underdood, that the 
youngefl mineral ogid is in no danger of being 
milled by it. The fame may be faid of fchoerl, 
granate, zeolite, and many others, that are dif- 
tinguifhed by names known to every body, and 
’ highly proper. In the compofition of earths, 
iron is by no means a neceffary ingredient, al- 
though it is generally found in them; and we 
therefore conlider it as an alloy, or heterogene- 
ous fubdance. 


§ cxcviii. Conclujion. 


I cannot finilh my remarks on the denomi- 
nation of follils more to my own fatisfaclion, 
than by pointing out what is yet wanting to the 
improvement of fcience. I would wilh that in 
the eltablilhing of new names, a preference 
fhould be given to the Latin language. This is, 
or at lead was formerly the mother tongue of 
the learned ; and being now not the living lan- 
guage of any nation, it is no longer liable to 
innovation or change. If therefore, the reform 
we propofe is made fil'd in Latin ; it may be ealily 


carried 


* Diffcrtation on the albeftos. 
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carried into execution afterwards upon the fame 
model in the modern languages, as far as their pe- 
culiar genius and conflrudtion will admit. — In this 
manner, the language of chemiftry will become 
every where uniform and confident, and confi- 
derable advantage will be derived not from the 
reading only of foreign publications, but the 
facility alfo with which they can be tranflated. 
I have feen an excellent effay of Monf. de Mor- 
veau on the reform of the French names*, and 
I am not a little flattered by the agreement I 
find between many of the alterations he pro- 
pofes and thofe that I have offered on that fub- 
ject. From this, perhaps, we may venture to hope, 
that by making it an object of further atten- 
tion on both fides, the differences yet fubfifxing 
may be removed, to the great benefit of fcience ; 
and to the permanent eftablifhing and advance- 
ment of which all our views fliould be directed. 


* Diary of Monf. Rozier. 
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